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Abstract 
Phenotyping using gene expression profiles from cDNA microarray analysis has 
been widely used in identifying important salt (NaCl) stress responsive genes in 
various model plants, including Arabidopsis, sorghum, barley, and rice. However, 
this technique has only been applied to the studies in soybean concerning 
development, nodulation, genome structure, pathogen responses, and iron deficiency 
stress but not in other abiotic stress. In this project, eight cDNA libraries from the 
leaf samples of two cultivated soybean {Glycine max) germplasms, Wenfeng? (salt 
tolerant) and Union (salt sensitive), were used for constructing microarray presenting 
9576 salt stress responsive gene cDNAs. Three approaches were adopted: (1) 
Sequence analysis on the cDNA libraries revealed 242 genes. (2) Another method 
using the fold difference in expression (obtained from cDNA microarray analysis) of 
twenty soybean germplasms with contrasting phenotypes under salt stress (tolerant 
and sensitive) and different origins (wild and cultivated) identified 55 unique genes 
with at least 2.5-fold expression in salt tolerant germplasms over sensitive ones. (3) 
Statistical analysis of the same set of gene expression profiles revealed 61 salt stress 
correlation genes. Cluster analysis demonstrated the relationship between their 
expression patterns and the tolerance levels of the twenty germplasms. Real-time 
PGR for selected genes was performed to confirm the results from the microarray 
experiments. 
The microarray studies were compared to another approach using subtraction 
libraries currently taking place in our laboratory. GmDNJl, a DnaJ homologue in G. 
max, was identified by both approaches. The homologue possesses all the four 
essential domains of type I DnaJ. It was induced by salt stress and abscisic acid 
treatment. Functional analysis showed that ectopic expression of GmDNJl enhanced 
iii 
tolerance to salt and dehydration (application of polyethylene glycol or removal of 
water) in both rice and Arabidopsis. It is the first report on the protective function of 
DnaJ/Hsp40 homologues against salt and dehydration stress in a whole plant system. 
In vitro luciferase activity assay demonstrated the co-chaperone activity of 
synthesized GmDNJl protein. These may provide a clue on the role of GmDNJl in 
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Chapter 1 Introduction 
1.1 Salt stress in plants 
Salt stress, usually referred but not limited to the adverse effect of high sodium 
chloride concentration on the physiology, is one of the major abiotic stresses 
impeding crop production worldwide. Salinization occurs in 20% (45 Mha) of 
irrigated land in the world and 15% (6.7 Mha) in China mainly because of poor 
irrigation practice, heavy evaporation, and continual exposure to sea water in coastal 
farmlands (Pitman and Lauchli, 2002; Tuteja, 2007). It may spread to over 50% of 
the world's arable lands by 2050 (Wang et al., 2003). Rapidly increasing salinization, 
occasionally coinciding with alkalization and desertification, have led to at least 50% 
reduction of average yields for most major crop plants (Bray et al.’ 2000) and may 
exaggerate the social, economical, and political problems arising from food shortage. 
Salt stress affects plant growth in virtually all stages of life from seed 
germination, vegetative growth, flowering to seed formation. Salt stress related 
phenotypes of most plants usually follow a biphasic pattern, imposed by the primary 
and secondary effects of high salinity. The primary effect of high salinity on plants is 
hyperosmotic stress and ion disequilibrium. Physiological drought and upset in 
cytosolic Na+/K+ ratio result in a rapid and transient reduction in the growth of leaves 
and roots, as early as several minutes after NaCl treatment (Munns, 2002). In several 
studies mimicking the application of NaCl with non-ionic solutes such as mannitol 
and polyethylene glycol (PEG), the same rapid responses were induced (Yeo et al.’ 
1991; Chazen et al., 1995). These findings suggested that the initial effect of salt 
stress may come from water deficit rather than ion disequilibrium. Prolonged 
treatment (in days or weeks) leads to the secondary effect imposed by ion toxicity 
and oxidative stress. In sensitive species, the influx of Na+ and CI" may exceed the 
ability to exclude or compartmentalize the ions in vacuoles. Accumulation of ions in 
the cytoplasm inhibits enzyme activities and dehydrates the cell wall. Dehydration 
also inhibits photosynthesis and respiration owing to over-reduction of the electron 
transport chains (Jithesh et cd., 2006). The excited electrons are transferred to O2 to 
form reactive oxygen species (ROS) in chloroplasts, mitochondria, and peroxisomes. 
The detrimental effects of ROS include damage on photosystem II and mitochondrial 
electron transport system, protein oxidation (by breaking disulphide bridges between 
sulphur-containing amino acids), and generation of highly toxic aldehydes from free 
radical-mediated lipid and protein peroxidation (Bartels and Sunkar, 2005). 
1.2 Overview of the molecular basis of salt tolerance in plants 
In general, plants receive stress signals by membrane receptors such as G 
protein-coupled receptors, ion transporters / channels, and receptor-like kinases. This 
is followed by the generation of signalling molecules such as calcium ion (Ca2+)， 
calcium-dependent protein kinases (CDPKs), mitogen-activated protein kinases 
(MAPKs) with their cascade members, inositol phosphates (IP3), abscisic acid 
(ABA), and ROS. The subsequent signals trigger the transcription and translation of 
salt responsive genes, either protecting the cell from various stresses (e.g. ion 
transporters, channels, late embryogenesis abundant (LEA) proteins, enzymes for 
osmolite and lignin biosynthesis, antioxidants, and chaperones) or initiating other 
molecular responses (e.g. transcription factors, protein kinases, protein phosphatases, 
and other signalling molecules). In the following review, only the parts related to the 
genes identified in this project were discussed. 
2 
1.2.1 Stress perception 
High salinity imposes ionic, osmotic, and oxidative stresses to a plant cell. 
Hence the candidates for salt stress perception should be related to one or more of 
these three kinds of disturbance. There is no direct evidence supporting any plant 
molecules as salt stress sensors. Very few plant proteins are regarded as the 
candidates for sensing ionic or osmotic changes. AtHKl, which is a yeast sensory 
histidine kinase SLNl homolog, were identified in Arabidopsis and found to be 
up-regulated under salt stress (Urao et al., 1999). Also, it compensated the loss of 
yeast sensors (SLNl and SHOl) and rescued the yeast double mutant slnl/shol 
under salt stress (Urao et al., 1999; Wohlbach et al., 2008) Transcriptional profiling 
of Arabidopsis mutants identified several Arabidopsis response regulators as the 
possible downstream molecules of the histidine kinase phosphorelay pathway 
inititated by AtHKl. Functional studies on the mutants also suggested that AtHKl 
may direct the osmotic stress response by enhancing ABA biosynthesis. Nonetheless, 
whether AtHKl is a true osmosensor detecting changes in turgor pressure like its 
yeast homologue is still an open question. Another candidate sensor is a 
membrane-located receptor-like protein kinase from tobacco (NtC7). The gene was 
overexpressed upon wounding, salt stress, and osmotic stress. It also enhanced 
drought tolerance in the transgenic tobacco overexpressor (Tamura et al., 2003). 
1.2.2 Signal transduction 
Detection and response to the external and internal environmental changes by 
plant cells are achieved by perception of signals, followed by a cascade of 
protein-protein interaction of signalling molecules and reversible phosphorylation of 
proteins (Bartels and Sunkar, 2005) Signals from abiotic stresses (e.g. salt, drought, 
osmotic, heat, and cold) converge and diverge at different nodes in the complex 
3 
signalling network, which often lead to overlapping responses. In this view, some 
important components in salt stress signalling pathways related to this project were 
pinpointed. 
1.2.2.1 Protein phosphatases 
Phosphorylation of proteins is an important process in post-translational 
modification and signal transduction. Phosphatases, in turn, may oppose the action of 
protein kinases like those in MAPK cascades (de Nadal et al., 1998). They fall into 
three major classes according to their substrate specificity: serine/threonine (Ser/Thr) 
phosphatase, tyrosine phosphatase, and dual specificity phosphatase (Farkas et al., 
2007). Emphasis should be put on protein phosphatase 2C (PP2C), which is a 
subfamily of Ser/Thr phosphatases. There are at least 76 genes for PP2C in the 
Arabidopsis genome (Kerk et al, 2002). This group of phosphatases has been proved 
to negatively regulate the high-osmolarity glycerol (HOG) MAPK pathway in yeast, 
ABA signalling pathways in Arabidopsis, and receptor-like kinase signalling 
pathways in Arabidopsis (reviewed in Schweighofer et al., 2004). Some plant PP2Cs 
were induced by salt and drought stresses (Miyazaki et al.’ 1999). 
1.2.2.2 The SOS pathway for ion homeostasis 
I 
The importance of Ca in salt tolerance in plants has been noticed for decades 
(Cramer et al.，1987; Knight et al, 1997; Liu and Zhu, 1998) and it is widely 
accepted that Ca^^ is one of the key players in salt stress signalling responses. Many 
CDPKs from yeasts and plants were found to be up-regulated by salt and/or drought 
stress (Cunningham and Fink, 1996; Bouche et al., 2002; Perruc et al, 2004). 
However, information on many of the downstream signalling pathways is often 
fragmented, and deprives of a clear relationship between signal perception, 
4 
transduction, and responses. One of the very few exceptions is the SOS (salt overly 
sensitive) pathway, mainly including three genes {SOSl, S0S2, and S0S3). This 
calcium-dependent stress signalling pathway was dissected using Arabidopsis 
mutants (Wu et al., 1996; Liu and Zhu, 1998; Liu et al., 2000). 
High salinity increases cytosolic Ca^^. Some of Ca2+ release is from the 
2+ 
apoplastic space (an outer source). The remaining Ca comes from the activation of 
phospholipase C, leading to the hydrolysis of phosphatidylinositol bisphosphate to 
inositol trisphosphate followed by the release of intracellular C a � . (reviewed in 
Tuteja, 2007). S0S3, which is a calcineurin B-like (CBL) protein, recognizes Ca^ "^  by 
its four EF hand Ca^^ binding motifs, combines and activates S0S2, which is a 
CBL-interacting protein kinase (CIPK), by removing the autoinhibitory motif FISL 
at the C-terminus of S0S2 (Halfter et aL, 2000). S0S2 in the SOS3-SOS2 complex 
contains the serine/threonine protein kinase activity and phosphorylates SOSl 
directly. SOSl is a plasma membrane Na+/H+ antiporter and believed to expel Na+ 
out of the cell under salt stress (Shi et al., 2000). 
The SOS3-SOS2 complex has been experimentally proved to alter the activities 
of other proteins. HKTl (histidine kinase transporter), which is a low affinity Na+ 
transporter, is suppressed by the SOS3-SOS2 complex, preventing the entry (Rus 
et al” 2001). The activities of vacuolar Na+/H+ antiporter (NHX) and vacuolar 
H+-ATPase were raised for compartmentalization of excess Na+ into the vacuole (Qiu 
et al,, 2004). CAXl, a vacuolar H^/Ca^^ antiporter, was activated for restoring the 
intracellular Ca^ "^  concentration (Cheng et aL, 2004). It should be noticed that 
effectors of the SOS pathways are not limited by the above examples and the 
signalling pathway should be far more complex because many calcium-related 
signalling molecules, including calmodulin, CDPKs，CBL proteins, and CIPKs, have 
been found in plants (reviewed in Mahajan and Tuteja, 2005). 
1.2.3 DNA and RNA helicases in post-transcriptional control 
Recent findings have suggested that helicases not only unwind DNA and/or 
RNA but also play important roles in DNA replication and repair, transcription, 
mRNA processing, and translation in response to salt stress. Sanan-Mishra et al 
(2005) discovered PDH45’ which was a pea DNA helicase homologous to the 
eukaryotic translation initiation factor eIF-4A. The PDH45 transcript was 
up-regulated salt, drought, cold, and wounding stresses, as well as abscisic acid 
(ABA) treatment. It suggested that PDH45 was induced by dehydration and worked 
along the ABA-dependent pathways. This gene also conferred salt tolerance in Ti 
transgenic tobacco with no reduction in seed yield. Also, a bipolar pea DNA helicase 
has been considered inducible by salt and cold stresses in both shoot and root 
(Vashisht era/., 2005). 
DEAD box RNA helicases are RNA helicases with the consensus sequence 
D-E-A-D (Asp-Glu-Ala-Asp). They are the largest subfamily of RNA helicases and 
believed to function as RNA chaperones because of its RNA-dependent ATPase 
activity, and the ability to break down the secondary structures of RNA molecules 
(Gong et al., 2005). Gong et al. (2002, 2005) identified two Arabidopsis mutants of a 
DEAD box RNA helicase gene {L0S4) with contrasting effect on the cold 
stress-induced expression of C-repeat binding factors (CBFs). Another study 
revealed that two Arabidopsis DEAD-box RNA helicase genes {STRSl and STRS2) 
negatively regulated several salt and drought stress responsive genes in 
ABA-dependent {RD29, AtMYC2, RD22，and RD19) and ABA-independent 
signalling {DREBIA and DREB2A). The two helicase genes were suppressed by salt 
and drought stresses in wild-type plants (Kant et al” 2007). A recent research using 
the halophyte dogbane {Apocynum venetum) has identified a DEAD-box helicase 
(AvDHl) that could unwind both DNA and RNA while its expression was elevated 
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by NaCl but not PEG nor ABA (Liu et al.，2008). A DEAD-box RNA helicase 
{HVDJ) was cloned from barley {Hordeum vulgare). The transcript was up-regulated 
by salt stress, drought stress, and ABA treatment. It is unique because of the five 
repeats of Arg-Gly-Gly RNA recognition motif) in its hydrophilic C-terminus. 
Although these findings suggested the complicated regulatory roles of 
DEAD-box helicases in salt stress response, the mechanism of helicase-mediated salt 
tolerance is yet to be found. 
1.2.4 ROS scavengers 
Salt stress often inhibits CO2 fixation and NADPH consumption in Calvin cycle, 
as supported by the down-regulation of photosynthetic genes in transcriptome 
analyses. The excess excitation energy from light causes an over-reduction of the 
electron transport system, resulting in the formation of reaction oxygen species 
(ROS). Plants produce ROS scavengers (antioxidants) to alleviate the oxidative stress 
arising from, for instance, salt stress. 
A study in the antioxidant activity in barley roots showed that there were 
significant inductions of activities of superoxide dismutase, catalase, ascorbate 
peroxidase, non-specific peroxidase, and glutathione reducase as early as one day 
after NaCl treatment (Kim et al, 2006). Induction of these antioxidants may also 
account for the oxidative stress tolerant phenotypes of some salt tolerant accessions 
(Sekmen et al.’ 2007). Genes encoding the mentioned antioxidants have been 
considered salt responsive by using transcriptomic (Taji et al,, 2004) and molecular 
(Mittova et al” 2004; Attia et al, 2008) approaches. Overexpression of superoxide 
dismutase, ascorbate peroxidase and ascorbate reductase in chloroplasts enhance 
tolerance of the tobacco plants to multiple abiotic stresses. Transgenic analysis using 
Arabidopsis overexpressing superoxide dismutase even showed that the ROS 
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scavenger decreased Na+ concentration while increasing K+ concentration in the 
symplast, so as to confer salt tolerance (Gao et al, 2003). 
Degradation of aldehyde is another important ROS scavenging process in plants. 
Aldehyde is the side product of ROS oxidation of proteins and lipids. Aldehyde 
dehydrogenase and reductase converts the toxic aldehyde into less toxic carboxylic 
acids (Bartels and Sunkar, 2005). The aldehyde-related ROS scavengers have been 
proved to enhance drought tolerance in transgenic plants (Oberschall et al, 2000; 
Sunkar et a/., 2003). 
Another group of strong reducing agents of small sizes - is thioredoxins. It 
reduces disulphide bonds between sulphur-containing amino acids in proteins. Their 
roles in osmotic stress have been studied in bacteria, yeast, and animal cells 
(reviewed in Amer and Holmgren, 2000). Little is known about plant thioredoxins in 
salt and related stresses. A relatively detailed functional analysis of plant thioredoxin 
comes from Serrato et al (2004). A knock-out Arabidopsis mutant showed 
hypersensitivity to salt and drought stresses, indicating the important role of 
thioredoxins in plant stress responses. Also, a thioredoxin was induced by salt and 
drought stresses in potato plants (Broin et al., 2000). 
1.2.5 Proteases and proteinase inhibitors 
Proteolytic systems are responsible for degradation of damaged proteins and 
mobilization of nitrogen, especially under various stress conditions (Bartels and 
Sunkar, 2005). Early studies confirmed that salt and drought stresses induced 
proteases such as cysteine proteases (Campalans et al., 2001) and ATP-dependent 
Clp protease (Nakashima et al.’ 1997) in plants. Proteases and proteinase inhibitors 
were shown to be differentially expressed under salt or drought stress in both 
transcriptomics (Seki et al., 2002) and proteomics studies (Finnie et al., 2002; 
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Aghaei et al., 2009). Interestingly, both induction and suppression of proteinase 
inhibitors under stress were reported (Fiimie et al, 2002; Aghaei et al., 2009), 
showing the complexity of regulation of proteolysis. In a recent study, a 
chymotrypsin inhibitor gene (OCPIl) was cloned from rice (Huang et al” 2007). 
Transgenic analysis and biochemical assay confirmed its ability to confer drought 
tolerance in rice (Huang et al.，2007). 
1.2.6 Heat shock proteins (Hsps) 
Salt and drought stress upset the ionic balance in the plant cell and thus cause 
denaturation and dysfunction of proteins, which is similar to the effect of heat stress. 
Therefore, it is expected that Hsps may confer salt and related stress tolerance by 
maintaining functional protein structure, assisting protein folding, and degrading the 
misfolded and non-functional protein. According to Wang et al. (2004), Hsps fall into 
five major families, in which Hsp70 chaperones (DnaK, HspllO, and yeast SSE) and 
their co-chaperones (e.g. DnaJ/Hsp40 and GrpE) may play an important role in salt 
stress tolerance mechanisms. The salt stress response of the DnaK-DnaJ-GrpE 
chaperone machinery, which was first discovered in Escherichia coli, has been 
studied in prokaryotes (Weng et al, 2001; Diamant et al., 2003; Laport et al, 2004; 
Susin et al” 2006). Functional genomics revealed a large number of Hsps 
differentially expressed under salt or drought stress in plants (Wang and Luthe, 2003; 
Kore-eda et al., 2004). It has been also reported that some Hsps in plants were 
induced by salt and drought stress (Alamillo et al” 1995; Coca et al.’ 1996; 
Campalans et al, 2001; Campbell et al, 2001; Ogawa et al” 2007). A few 
DnaK/Hsp70 proteins were experimentally proved to enhance salt tolerance in 
tobacco (Sugino et al, 1999; Cho and Hong, 2006) and other plants (Alvim et al, 
2001), showing that molecular chaperones are equally important in plants. 
1.2.7 Highlights on DnaJ/Hsp40 
DnaJ/Hsp40 is the co-chaperone in the DnaK-DnaJ-GrpE chaperone machinery 
and its homologues can be classified into three types (Cheetham and Caplan, 1998). 
The type I proteins contain the J-domain, the glycine-phenylalanine (G/F)-rich region 
with four CXXCXGXG motifs, and the cysteine-rich (CR) domain. The type II 
proteins are similar to the type I，but lack the cysteine-rich domain. The type III 
proteins contain the J-domain only (Fig. 1.1). The types I and II proteins were 
suggested to be molecular chaperones and bind to non-native proteins while the 
molecular function of the type III proteins is yet to be found (Qiu et al., 2006). The 
J-domain with about 70 amino acids binds to DnaK and promotes the ATPase activity 
of DnaK (Qiu et al., 2006). The G/F-rich region enhances substrate binding by DnaK 
(Cajo et al., 2006). The CR domain contains four cysteine-rich repeats constructing 
two Zn2+ binding site. This region is probably responsible for binding to non-native 
proteins (Szabo et al.’ 1996). 
J-domain G/F region Cysteine rich domain 
Type I ^ ^ I CZn20 CZr^ O I 
J-domain G/F region 
Type II ^ M W I Z Z } 
J-domain 
Type III 
Fig. 1.1 Classification of DnaJ proteins. Types I，II，and III DnaJ proteins are 
distinguished from each other based on the presence of the G/F-rich region and 
cysteine-rich domain. 
Unlike DnaK/Hsp70, which is increasingly important in research on plant 
abiotic stress responses, there are only a few studies on the relationship between the 
co-chaperone DnaJ/Hsp40 and salt tolerance. Three cDNA clones for DnaJ-like 
proteins, which were constitutively expressed in leaves, stems, roots and catkins, 
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have been isolated from Japanese willow (Salix gilgiana Seemen). Two of them 
{SGJl and SGJ3) were significantly induced under mild (lOOmM NaCl; induced 
from 12 h after treatment) and severe (300mM NaCl; induced from 24 h after 
treatment) salt stress (Futamura et al., 1999). Sequence analysis revealed that the two 
DnaJ-like proteins possessed all the four conserved functional domains (from the 
N-terminus: the J-domain, the glycine/phenylalanine-rich region, the cysteine-rich 
(CR) domains, and the VQCAQQ C-terminal sequence) as found in the type I DnaJ. 
A more recent study identified a gene encoding a DnaJ-type Zn finger protein in 
tobacco (Tsipl), which was induced by the application salicylic acid, ethylene, 
gibberellic acid. Challenges by NaCl and tobacco mosaic virus also increased its 
transcript level (Ham et al, 2006). Tsipl is a type III DnaJ as it only possessed the 
characteristic CXXCXGXG motifs of the CR domain. Despite the mentioned reports 
on the induction of DnaJ expression under salt stress, neither of them experimentally 
demonstrated the protective function of DnaJ homologues in plants against salt and 
related stress. 
In the Arabidopsis genome, there are at least 14 DnaK and 89 DnaJ homologues. 
It suggests that the chaperone network in plants is complex and may be responsible 
for the responses to multiple stresses, including salt, drought, heat, and cold stresses. 
1.3 Review on functional genomics on salt stress responses in plants 
After the emergence of cDNA microarray platforms to monitor the expression 
of a large number of genes in parallel (Schena et al” 1995), functional genomics has 
become a prominent approach in plant stress studies. As more than one biotic (such 
as virus, bacteria, fungi, nematodes, herbivores) and/or abiotic (such as salt, drought, 
osmotic, flooding, heat, cold, nutrient-deficient, UV, wounding) stresses often 
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simultaneously affect the plant, it is not exaggerated to predict that different stresses 
have common components in stress perception, signalling transduction, and outputs 
in most cases (Chinnusamy et al., 2004). Gene expression profiling is thus useful to 
investigate the crosstalk in the extensive networks of genes, transcripts, proteins, and 
metabolites in stress tolerance mechanisms. 
In the following review, the significant findings of functional genomics on salt 
stress responses in plants were discussed. 
1.3.1 Genomics on model organisms 
Rather complete genome sequence information is available for only two model 
plant species, Arabidopsis (Arabidopsis Genome Initiative, 2000) and rice 
(International Rice Genome Sequencing Project, 2005). Sequencing projects of three 
legumes, red clover {Trifolium pretense), barrel medic (Medicago truncatula), and 
birdsfoot trefoil {Lotus japonicus), have been lounged (Sato et al, 2005; Young et al., 
2005). These three species were chosen as the legume models because of their 
relatively small genome size (440, 500, and 500 Mb; (Choi et al., 2004)) among 
legumes. Soybean became the next legume model lately, probably due to its sized 
genome (about 1100 Mb) and a large percentage of repetitive sequences (40-60%) 
from genome duplication (reviewed in Jackson et al, 2006). Advances in physical 
mapping (Wu et al.’ 2004) and large-scale expressed sequence tag (EST) sequencing 
(Alkharouf and Matthews, 2004) of soybean provide useful genome information for 
stress studies. However, a large number of soybean ESTs cannot be assigned a 
function or annotated by sequence comparison with other model plant species. 
Unlike Arabidopsis and rice, poor functional annotation due to the lack of 
experimental evidence is still one of the major problems in soybean genomics. 
Transcriptome studies using microarrays are probably the solution because it allows 
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a high-throughput measurement of gene expression and provides functional data for 
many genes at the same time (Rensink and Buell, 2006). 
1.3.2 Transcriptomics identifying salt responsive genes 
Transcriptional profiling using cDNA microarray is a powerful technique to 
identify the functions of stress responsive genes. Taking the advantage of EST 
collections and genome sequence information, microarray experiments using ESTs 
(oligonucleotide microarrays) or cDNA libraries (cDNA microarrays) concerning salt 
and other related stresses (mainly drought, osmotic, and cold stresses) has been 
proliferating. The microarray experiments on plant stress responses can be classified 
as followed. 
1.3.2.1 Multiple stress transcriptome analysis 
Multiple stress transcriptome analysis is useful in dissecting the complex salt 
stress response. Seki et al (2002) used the microarray containing 7000 Arabidopsis 
cDNA full-length clones to identify 194 "high-salinity stress-inducible" (250 mM 
NaCl) genes. Many of the salt inducible genes encoded transcription factors like 
DREB，ERF, MYB, NAC，bZIP, and zinc finger families. Others were involved in 
primary metabolism, osmoprotectant synthesis, and ion transport. About three 
quarters of the genes (143 out of 194) were also induced by drought and/or cold 
stresses. It also indicated the greater crosstalk between salt and drought stress 
signalling pathways than between salt and cold stress signalling pathways. Eight-nine 
genes were repressed by salt treatment. Most of the salinity repressible genes 
encoded photosynthetic proteins like chlorophyll a/b binding proteins and Rubisco. 
Another study compared multiple stresses and time points (Kreps et al.，2002). 
Expression profiles under different stresses (salt, drought and cold) at two time 
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points (3 h representing the initial response and 27 h representing the acclimated 
response) were compared. The overlapping responses to all the three stresses were 
not as large as expected. The shared responses even reduced from the initial phase (3 
h) to the acclimated phase (27 h). Twenty-two genes, half of which encoded 
oxidative stress enzymes like glutathione reductase, peroxidase, and cytochrome 
P450, were exclusively up-regulated by salt stress at both 3 and 27 h. It suggested 
that these antioxidants be specific to ROS generated by high salinity. 
To make use of the gene pools from halophytes, Wong et al (2006) studied the 
expression profiles of salt cress {Thellungiella halophila) using the Arabidopsis 
cDNA microarray. Many differentially expressed genes responded to drought and 
cold stresses but not to salt stress. Abundant ABA-responsive transcripts also 
suggested that ABA play a critical role in salt and drought stress responses but not in 
cold stress response. 
In several studies, genes belonging to the same functional category were 
analyzed by using cDNA microarray analysis. Maathuis et al. (Maathuis et al., 2003)， 
for instance, focused on 1153 Arabidopsis membrane transporters from Arabidopsis 
genome database. The study revealed different expression patterns of NHX family 
proteins at specific time points and tissues. Aquaporin isoforms were initially 
down-regulated by salt stress, and substantially increased. In a more recent study, 65 
heat shock proteins and transcription factors from Arabidopsis available in public 
databases (Swindell et al” 2007). These function specific microarray analyses are 
particularly useful in the gene family with no characterized function. 
1.3.2.2 Genome-wide transcriptome analysis on molecular crosstalk 
Advances in microarray coating and printing technologies enabled 
genome-wide transcriptome analysis on more than 20000 cDNA clones. Seki and his 
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group took the advantage of full-length cDNA libraries to study the molecular 
crosstalk among multiple stresses (Seki et al” 2002; Oono et al., 2003). After 
identification of stress responsive genes, the promoter sequences and cis-acting 
elements can be analyzed. Among the 22 genes up-regulated by salt, drought and 
cold stresses, 16 contained DRE or DRE-related CCGAC core motif while 15 
contained ABRE. This confirmed the notion that ABA-mediated signalling pathways 
played an essential role in multiple stress responses. Expression profiles, in addition 
to the presence of promoter sequences, provide important cues on the molecular 
crosstalk among closely related environmental conditions such as salt, drought, and 
cold stresses. 
Chen et al. (2002) picked 402 transcription factors from Arabidopsis GeneChip 
and studied their expression profiles at different developmental stages (growing 
leaves, senescent leaves, flowers, siliques, and root) under different treatments (salt, 
drought, osmoticum，cold, various pathogens). Several WRKY, MYB and basic 
leucine zipper (bZIP) transcription factors were induced by high salinity, osmoticum, 
bacteria, and viruses, indicating extensive crosstalk between those stresses. 
In another study using Arabidopsis suspension culture, it was found that RD22, 
AtMYC2, AtMYB2’ and several MYC-related genes were not up-regulated as 
observed in Arabidopsis seedlings under osmotic stress. This suggested the absence 
of MYC/MYB-dependent signalling pathway, which has been identified as an 
important pathway in dehydration and cold stress responses (Shinozaki and 
Yamaguchi-Shinozaki, 2000). The findings implied that it was worth comparing the 
expression profiles of different tissues / developmental stages by genome-wide 
transcriptome analysis to study salt stress responsive pathways and their interactions. 
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1.3.2.3 Tissue specific transcriptome analysis 
Transcriptional profiling of various tissues under different treatments, as 
exemplified by the mentioned microarray experiments, provided useful information 
on the extensive network of stress responses but it was often complex and gave 
contradicting results in some cases. Recently, several studies emphasized the tissue 
specific transcriptomic changes related to a particular physiological change. Jiang 
and Deyholos (2006) studied the transcription profile of roots in salt-stressed 
Arabidopsis and its relationship with the fluctuation of proline and anthocyanin 
during salt treatment (0-48 h). Anthocyanin has been regarded as a strong ROS 
scavenger (Lapidot et al., 1999; Neill et aL, 2002). Repression of 61 ROS-responsive 
genes was consistent with the increasing concentration of anthocyanin in leaves from 
0 h to 24 h after salt treatment. Two proline biosynthetic genes, P5CR 
(A'-pyrroline-5-carboxylate reductase) and P5CS (A'-pyrroline-5-carboxylate 
synthetase), were induced. It was consistent with proline accumulation in both roots 
and leaves from 0 h to 48 h after salt treatment. In another microarray analysis, 
transcription in the third leaves of rice was analyzed. Accumulation of two 
compatible solutes, proline and y-aminobutyric acid (GABA), was associated with 
induction of two P5CSs and a GABA transaminase. 
The findings confirmed that gene expression profiling can be used to explain 
phenotypic changes related to abiotic stresses. 
1.3.2.4 Comparative transcriptome analysis 
Traditional breeding is sometimes hindered by a common phenomenon that 
stress tolerance is inversely associated with crop yield (Ceccarelli, 1987). One 
solution to this problem is to exploit the gene pools in germplasm collections so as to 
discover stress-tolerant genes and develop molecular markers to assist the breeding 
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programmes (Sreenivasulu et al., 2007). It is particularly useful for some crop plants 
(e.g. rice, barley, and maize) which have stress-tolerant wild relatives. 
There are several studies using germplasms with contrasting phenotypes under 
salt stress. Kawasaki et al (2001) investigated the gene expression profiles of two 
rice variety, Pokkali (salt-tolerant) and IR29 (salt-sensitive). The most significantly 
up-regulated genes during the initial response in Pokkali such as calcium-dependent 
protein kinase, protein phosphatase 2C, and glycine/serine-rich protein were 
unaltered at first and down-regulated after 3 hr of treatment in IR29. Also, the 
expression profile of Pokkali after 15 min of treatment was strikingly similar to that 
of IR29 after 1 hr of treatment. Down-regulation of salt responsive genes and a delay 
of response may account for the poor performance of IR29 under salt stress. 
In another study, cDNA microarray containing Arabidopsis cDNA was applied 
to transcriptional profiling of salt cress {Thellungiella halophild), which is a 
halophyte and a close relative to Arabidopsis (Taji et al., 2004). A few salt-tolerant 
genes including ferric superoxide dismutase, SOSl, and chitinase were expressed at 
high level in both stressed and unstressed salt cress. P5CS was also constitutively 
expressed, which was consistent with the remarkably higher proline content in salt 
cress than in Arabidopsis. This comparative approach is thus useful for explaining 
and making use of the salt tolerant mechanisms unique in tolerant varieties. 
Comparative genomics between monocot and dicot models showed the common 
and different features between their molecular mechanisms of salt tolerance and 
responses. Of the 73 salt inducible genes found in the study by Rabbani et al (2003)， 
about 70% have been reported as salt inducible in Arabidopsis. Many of them were 
well known stress-inducible genes like dehydration responsive (RD) genes, late 
embryogenesis abundant (LEA) proteins, and MYB transcription factors. The 
remaining 30% with no reported salt stress related functions probably showed the 
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unique part of salt tolerant mechanisms in monocots and provided useful information 
in crop improvement. 
Recent significant microarray studies on salt and related stress responses in 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.3.2.5 Transcriptome analysis of soybean 
An increasing number of transcriptional profiling of soybean has been 
conducted since the establishment of soybean EST (Shoemaker et al., 2002), 
genomics and microarray (Alkharouf and Matthews, 2004) databases. Most of the 
microarray experiments focus on development, nodulation, genome structure, and 
pathogen responses. 
Knowledge in transcription profiles of soybean at different developmental 
stages is important in agriculture and transgenic experiments using legumes. cDNA 
microarray containing more than 9,000 clones from soybean embryos, seeds, and 
flowers was used in a study of embryogenesis in soybean (Thibaud-Nissen et al.， 
2003). During the four weeks of somatic embryo development from the adaxial 
callus, the expression of a number of genes related to oxidative stress and cell 
division was altered at early times (0-1 weeks) while transcription of storage proteins 
became dominant at later times (3-4 weeks). The same group of researchers 
developed a genome-scale microarray platform containing over 27,000 low 
redundant cDNAs from public soybean EST databases (Vodkin et al., 2004), which 
was a good tool for monitoring the tissue-specific transcription of soybean (Maguire 
et al•’ 2002; Vodkin et al.’ 2004) and probably other legume models. 
In a recent research on isoflavonoid synthesis in soybean seeds, microarray 
analysis was applied to two soybean cultivars with different seed isoflavonoid 
contents (Dhaubhadel et al., 2007). Most of the differentially expressed transcripts 
showed a similar expression pattern in both cultivars, with the exception that 
chalcone synthase 7 and 8 {CHS7, CHS8) were expressed at remarkably higher level 
in the high seed isoflavonoid cultivar. This comparative genomic approach is thus 
useful in identifying the key regulators in biosynthetic pathways and in nodulation 
(Lee etai, 2004). 
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Transcriptome analysis was also applied to studying gene families in soybean. 
McGonigle et al (2000) obtained the full-length cDNA clones of 42 maize 
glutathione S-transferases (GSTs) and 25 soybean GSTs (including a GST previously 
identified as an auxin-inducible heat shock protein (Czamecka et al., 1988)) and 
compared their expression under dichloromid or ethanol treatment. A more recent 
study used the genome tiling microarray to study the syntenic regions between the 
genomes of barrel medic and soybean (Li et al., 2008). This kind of transcriptome 
information enriches our knowledge in the genome structure and expression control, 
which are important in structural and functional annotations of the mushrooming 
genome sequences of soybean. 
For the soybean stress studies using microarray analysis, much attention has 
been drawn to biotic stresses, including virus, Pseudomonas, soybean rust, and 
nematods. A transcriptional analysis showed a delayed induction of numerous 
defence-related genes, accounting for the compatibility of soybean mosaic virus 
invasion (Babu et al” 2008). Two studies (Zou et al., 2005; Zabala et al, 2007) 
reported the transcriptome changes in the phenylpropanoid pathway and 
photosynthesis in response to Pseudomonas invasion. Choi et al (2008) suggested 
the roles of ROS-related genes (peroxidases and lipoxygenases) in the defence 
against soybean rust. The results were consistent with a separate research by Moi et 
al (2004). 
Three transcriptome analyses on the molecular responses to soybean cyst 
nematode (SCN) invasion have been reported. A time course microarray study 
revealed the genes up-regulated in roots when SCN established their feeding site in 
endoderm and pericycle (Alkharouf et al, 2006). These genes were probably the best 
targets of studying the nematode-resistant mechanism of soybean. Another study 
combined microarray analysis with laser capture microdissection to identified the 
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SCN-responsive genes in infected syncytial cells (Klink et cd., 2007). Ithal et al 
(2007) studied the expression profiles of soybean and SCN in parallel, giving insight 
of the host-pathogen interaction. 
For the abiotic stress, there is only one publication concerning microarray 
analysis on soybean abiotic stress responses known to the author. In the study, two 
soybean near isogenic lines with contrasting responses to iron deficiency were used 
to identify the genes differentially expression under iron deficiency condition 
(O'Rourke et al, 2007). 
1.3.3 Proteomics in plant salt stress studies 
Transcriptome analysis using cDNA microarray to identify salt responsive genes 
and dissect the stress signalling pathways is sometimes limited by post-translational 
modifications and poor correlation between the abundance of mRNAs and their 
corresponding proteins (reviewed in Jiang et al, 2007). There are many reports on 
proteomic profiling of salt and related stresses for plant models such as Arabidopsis 
(Jiang et al., 2007), pea (Kav et al, 2004)，grapevine (Vincent et al., 2007), rice 
(Dooki et al.’ 2006)，wheat (Caruso et al, 2008), poplar (Plomion et al； 2006), and 
soybean (Aghaei et al., 2009). In the proteomic study on soybean hypocotyls and 
roots, seven proteins including LEA protein, helix-loop-helix protein, and vegetative 
storage protein B were differentially expressed under salt stress (Aghaei et al., 2009). 
However, there are two drawbacks in proteome analysis but not in transcriptome 
analysis using cDNA microarray. Proteomics often require 2-dimensional 
polyacrylamide gel electrophoresis (2D-PAGE), tandem mass spectrometry and 
amino acid sequencing, which are not as simply and promising as nucleotide 
hybridization, fluoresecent scanning, and DNA sequencing in microarray analysis in 
many cases. It was also reported that some less abundant proteins like transcription 
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factors may fall below the sensitivity threshold of 2D-PAGE and so they were 
detected in transcriptome analysis but not in proteome analysis (Jiang et al.’ 2007). 
Microarray is still a comparatively easy and promising technique for high-throughput, 
parallel study in functional genomics until the development of new technologies in 
the proteomics approach. 
1.3.4 Beyond the transcriptome and proteome 
Metabolomics and ionomics are two developing functional genomic strategies. 
The main advantage of these strategies is the unchanging chemical identity of 
metabolites and ions, as compared to the sequence deviation of DNA, mRNA, and 
protein among species (Sanchez et ai, 2008). It enables comparative studies between 
cultivars, germplasms, or species under salt stress. For example, Sanchez et al (2008) 
discovered that some sugars, amino acids, and organic acids showed species-specific 
fluctuation under salt stress among Arabidopsis, trefoil {L. japonicus), and rice. 
Species-specific secondary metabolism was also observed during acclimation. 
An ionomics study on MHKTl demonstrated the advantage of coupling 
elemental profiling with DNA-microarray genotyping (Rus et al, 2006). 
High-throughput elemental profiling of Arabidopsis collections identified two 
Arabidopsis natural variants with higher Na+ accumulation in shoots. Molecular 
studies on the two variants revealed that the 5-kb tandem repeat sequence upstream 
of the Na+ transporter MHKTl to the ionomic change, thus suggesting the 
importance of the region on the expression of MHKTl. The ionome may be a good 
alternative to genetic markers and assist the identification of stress-related gene 
function among varieties. 
2 7 
1.4 Significance of using soybean germplasms for identifying salt 
stress responsive genes 
Soybean is an important cash crop around the world. It is a rich source of 
high-quality protein (40% by weight), essential amino acids, vitamin B, dietary fibre, 
isoflavones (a strong antioxidant that can attenuates atherosclerosis caused by 
cholesterol accumulation), and lecithin (an emulsifier used in pharmaceuticals, 
cosmetics, paints, plastics, and animal feed) (Yamakoshi et al.’ 2000; Singh et al., 
2007). China is the fourth producer of this important crop in the world, following 
U.S.A., Argentina, and Brazil. In 2007, the soybean production in China was 14.3 
metric tons, occupying 7% of the world production (The American Soybean 
Association, 2008). However, China is also the largest soybean importer, receiving 
about 29 metric tons in 2007 (United States Department of Agriculture, 2008). Such 
imbalance between production and demand shows the need of increasing soybean 
production. One promising way is to develop salt and drought tolerant lines and 
reclaim the saline land, which continues to expand around the world in future. 
Exploring the genetic variation among species and varieties for salt stress 
tolerance is believed to be an effective way to identify abiotic responsive genes and 
develop stable stress-tolerant lines (Sreenivasulu et al.’ 2007). Also, wild species 
often have unique stress tolerance mechanisms and they are potent sources of abiotic 
stress tolerance traits (Ellis et al, 2000). Cultivated soybean {Glycine max) is closely 
related to its wild relative {Glycine soja). Crossing and gene transfer between the two 
species are easy. Therefore, it is reasonable to use the great genetic diversity of 
soybean in China (over 2000 cultivars of G max and over 600 accessions of G soja; 
(Dong et al., 2001, 2004)) in dissecting the molecular pathways in response to salt 
stress. Salt stress phenotypes of over 2000 germplasms of wild and cultivated 
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soybean have been characterized by Shao et al and their salt tolerance levels 
recorded (Shao et al, 1986). Ten of these germplasms with contrasting salt tolerance 
levels (tolerant and sensitive) and origins (wild and cultivated) were used in this 
study. 
In summary, phenotyping using transcription profiles of the 20 germplasms 
from cDNA microarray analysis is important in studying salt soybean, which has no 
good mutant library for molecular phenotyping as in Arabidopsis. The absence of 
published microarray experiments on abiotic stress responses in soybean (as 
reviewed in session 1.3.2.5) suggested the novelty of this project, too. 
1.5 Objectives 
This project attempts to use a soybean cDNA microarray platform to monitor 
the transcription profiles of 20 soybean germplasms. The cDNA microarray contains 
more than 9000 clones selected from subtraction libraries of soybean {Glycine max) 
leaves under salt stress (0.3% or 0.9% NaCl). It is hypothesized that soybean 
germplasms with contrasting phenotypes (salt-tolerant and salt-sensitive) or different 
origins (cultivated and wild) have different gene expression profiles under salt stress. 
Comparison of the expression profiles is expected to identify salt stress responsive 
genes that can be used to confer salt stress tolerance in soybean and other crop 
plants. 
The specific objectives are: 
1. To identify salt stress responsive genes using expression profiling; 
2. To validate the information provided by cDNA microarray analysis with 
statistical tools and real-time PCR analysis; and 
3. To select candidate genes that may confer salt tolerance for functional analysis. 
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Chapter 2 Materials and Methods 
2.1 Materials 
2.1.1 Plants，bacterial strains, and vectors 
Ten cultivated {Glycine max) and ten wild {Glycine sojd) soybean germplasms, 
of which the phenotypes under salt stress have been evaluated in open field (Shao et 
aL，1986) and greenhouse (previous studies in our laboratory), were selected for 
microarray analysis. 
The Arabidopsis ecotype Columbia zero (Col-0), two homozygous GmDNJl 
transgenic lines (A-3-4 and M-3-1), and an ASNl homozygous transgenic line 
(4-e-21) expressing the Arabidopsis ASNl clone with the same vector (Lam et al.’ 
2003) were used for functional analysis. The GmDNJl transgenic lines were obtained 
from a previous study in our laboratory using a binary vector with the Cauliflower 
Mosaic Vims 35S promoter (Brears et al.’ 1993). 
The wild-type rice cultivar Nipponbare (Oryza sativa cv. Nipponbare) (WT), 
five homozygous GmDNJl transgenic lines (156, 164, 167, 164 and 167), and an 
AS2 homozygous transgenic line (AS2) expressing the G max AS2 clone (accession 
no.: U77678) with the same vector were used for functional analysis. The GmDNJl 
and AS2 transgenic lines were constructed by Dr. Zhongxiu Sun from the China 
National Rice Research Institute using the vector pSB130 gifted by Dr. Qiaoquan Liu 
and Professor Samuel Sai-Ming Sun from The Chinese University of Hong Kong. 
For gene cloning unless stated otherwise, the Escherichia coli DH5a and the 
plasmid pBluescript II KS (+) (Strategene, La Jolla, CA, U.S.A.) were the host and 
the vector respectively. The E. coli BL21 (DE3) with the expression vector 
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pGEX-4T-l (GE Healthcare, Piscataway, NJ, U.S.A.) containing the GmDNJl clone 
was used for production of the GmDNJl protein. 
The said plants, bacterial strains, and vectors were listed in Table 2.1. 
Table 2.1 Plants, bacterial strains, and vectors used in this study 
Plant Description Reference 
CI Cultivated, salt tolerant soybean germplasm Shaoer a/., 1986 
C2 Cultivated, salt tolerant soybean germplasm Shaoer al, 1986 
C3 Cultivated, salt tolerant soybean germplasm Shaoe/a/.，1986 
C4 Cultivated, salt tolerant soybean germplasm Shaoe^ al, 1986 
C5 Cultivated, salt tolerant soybean germplasm Shaoer a/., 1986 
C6 Cultivated, salt sensitive soybean germplasm Shaoe/ a/., 1986 
C7 Cultivated, salt sensitive soybean germplasm Shaoer al, 1986 
C8 Cultivated, salt sensitive soybean germplasm Shaoet ai, 1986 
C9 Cultivated, salt sensitive soybean germplasm Shaoera/., 1986 
CIO Cultivated, salt sensitive soybean germplasm Shaoet al, 1986 
W1 Wild, salt tolerant soybean germplasm Shao etal., 1986 
W2 Wild, salt tolerant soybean germplasm Shaoe/ aL, 1986 
W3 Wild, salt tolerant soybean germplasm Shaoet al, 1986 
W4 Wild, salt tolerant soybean germplasm Shao a/., 1986 
W5 Wild, salt tolerant soybean germplasm Shaoet al, 1986 
W6 Wild, salt sensitive soybean germplasm Shao etaL, 1986 
W7 Wild, salt sensitive soybean germplasm Shao etal., 1986 
W8 Wild, salt sensitive soybean germplasm Shao^r al, 1986 
W9 Wild, salt sensitive soybean germplasm Shaoe/fl/.，1986 
WIO Wild, salt sensitive soybean germplasm Shaoer al, 1986 
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Plant Description Reference / Source 
Col-0 Arabidopsis ecotype for transformation Lab stock 
4-e-21 ASNl transgenic Arabidopsis Ldimet al, 2003 
A-3-4 GmDNJl transgenic Arabidopsis Lab stock 
M-3-1 GmDNJl transgenic Arabidopsis Lab stock 
Nipponbare Rice cultivar for transformation From Dr. Zhongxiu 
Sun (China National 
Rice Research 
Institute) 
AS2 AS2 transgenic rice From Dr. Sun 
156 GmDNJl transgenic rice From Dr. Sun 
164 GmDNJl transgenic rice From Dr. Sun 
167 GmDNJl transgenic rice From Dr. Sun 
170 GmDNJl transgenic rice From Dr. Sun 
238 GmDNJl transgenic rice From Dr. Sun 
Bacterial strain Description Source 
DH5a E. coli recombinant-deficient amber 
suppressing strain for regular cloning 
BL21 (DE3) E. coli 对rain containing T7 RNA 
polymerase gene and defective in Ion 




Vector Description Source 
pMW266 Plasmid with ampicillin resistance gene Lab stock 
pCRII Plasmid with kanamycin resistance gene Lab stock 
pBluescript II KS (+) Plasmid for subcloning Strategene 
pKS-GmDNJl pBluescript II KS(+) containing Lab stock 
GmDNJl full-length clone 
pGEX-4T-l Plasmid containing IPTG-inducible tac GE Healthcare 
promoter, lac\^ and glutathione 
S-transferase gene {GST), expressing 
GST protein in E. coli BL21 (DE3) 
pGEX-GmDNJl pGEX-4T-l with GmDNJl inserted This work 
between EcoRI and Xhol at the 3' end of 
GST, expressing GST-GmDNJl fusion 
protein in E. coli BL21 (DEB) 
2.1.2 Enzymes and major chemicals 
Restriction enzymes for sub-cloning were from New England Biolabs (NEB) 
(Beverly, MA, U.S.A.). Other modifying enzymes for molecular experiments were 
purchased from Roche Diagnostic Ltd. (Basel, Switzerland) and Promega 
Biosciences (San Luis Obispo, CA, U.S.A.). Regular chemicals were purchased from 
Sigma-Aldrich Co. (St. Louis, MO, U.S.A.) and Merck & Co., Inc. (Whitehouse 
Station, NJ, U.S.A.). Metro-mix 200 soil for growth of Arabidopsis and germination 
of soybean was from Hummert International Supplier (Earth City, MO, U.S.A.). 
For blotting analysis, Sequi-Blot PVDF Membrane was purchased from 
Bio-Rad Laboratories (Hercules, CA, U.S.A.) and the positively charged Nylon 
Membrane was from Roche. Lumi-Film Chemiluminescent Detection Film (Roche) 
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was used for chemiluminescent detection and SIGMA FAST BCIP/NBT Buffered 
Substrate Tablet (Sigma-Aldrich) was used for colourimetric detection. 
The polyclonal primary antibody targeting the GmDNJl protein was raised by 
Invitrogen Corp. (Carlsbad, CA, U.S.A.). The synthetic peptide 
('N'-CGGSSRGRRQRRGED-'C') was injected into rabbits and the primary 
antibody was purified by affinity column. The anti-rabbit secondary antibody was 
taken from the WestemBreeze Chemiluminescent Western Blot Immunodetection Kit 
(Invitrogen). 
Enzymes and major chemicals used in this study were listed in Appendix I. 
2.1.3 Primers 
Primers used in this study were supplied by Invitrogen. The sequences were 
listed in Appendix 11. 
2.1.4 Commercial kits 
Commercial kits used in this study were listed in Appendix III. 
2.1.5 Equipment and facilities 
Equipment and facilities were provided by Department of Biology, The Chinese 
University of Hong Kong. Details were shown in Appendix IV. 
2.1.6 Buffer, solution, gel and medium 
Buffer, solution, gel and medium used in this study were made according to the 
formulation listed in Appendix V unless otherwise stated. 
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2.2 Methods 
2.2.1 cDNA microarray analysis 
2.2.1.1 Construction of cDNA subtraction libraries 
The plants, cDNAs, and subtraction libraries were prepared by Ms. Iris 
Suk-Wah Tong, Dr. Tsui-Hung Phang, and Ms. Fuk-Ling Wong in our laboratory. 
Duplicate sets of the two germplasms, Wenfeng? (salt-tolerant) and Union 
(salt-sensitive), were grown in sand culture and irrigated with water. When the fourth 
trifoliate emerged, the treatment group was treated with stepwise increment of NaCl 
from 0.3%, 0.6% to 0.9% with three-day intervals (Fig. 2.1). Leaf and root tissues 
were collected three days after treatment with 0.3% NaCl (WT(0.3) and UT(0.3)) and 
three days after treatment with 0.9% NaCl (WT(0.9) and UT(0.9)). The control group 
(WC(0.3)，UC(0.3)，WC(0.9), UC(0.9)) was irrigated with Hoagland's solution 














Hoagland's solution only 
0.9% NaCl 
WT(0.6) 3 days WT(0.9) 
UT(0.6) ^ UT(0.9) 
WC(0.6) WC(0.9) 
UC(0.6) ^ UC(0.9) 
3 days 
Fig. 2.1 Treatment of the soybean germplasms Wenfeng? and Union. The upper route 
represents the treatment group treated with stepwise increment of NaCl from 0.3% to 
0.9% in Hoagland's solution while the lower route shows the control group irrigated 
with Hoagland's solution throughout the experiment. 
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The total RNA was extracted and used to construct the subtraction libraries 
using SMART PGR cDNA Synthesis Kit and PCR-Select cDNA Subtraction Kit 
from Clontech Laboratories, Inc. (Palo Alto, CA, U.S.A.), following the instructions 
from the manufacturer. The tester and driver cDNAs of each library were listed in 
Table 2.1. 
2.2.1.2 Assembly of cDNA microarray 
About 1200 bacterial colonies with cDNA clones selected from each of the 16 
subtraction libraries (Table 2.1) were transferred with sterile tooth sticks to 96-well 
PGR plates. Each well contained 100 |xl of reaction mixture including IX PGR buffer 
(Invitrogen), 1.5mM MgCb, 200[iM dNTPs, 0.5|iM of each primer, and 2 units of 
Platinum Taq DNA Polymerase (Invitrogen). PGR amplification of the clones was 
performed with the following cycling profile: 94°C for 5 min; 30 cycles of 94°C for 
30 sec, 55°C for 30 sec, 72°C for 1.5 min; 72°C for 10 min. 
The PGR products were purified using Arraylt PGR Purification Kit (TeleChem, 
Sunnyvale, CA, U.S.A.) according to manufacturer instructions. Three microlitres of 
the purified PGR products were added into 3 |il of dimethyl sulphoxide (DMSO; 
final concentration = 50%) in 384-well plates. 
As an internal control, G. max actin cDNA clones were amplified from 
NaCl-treated soybean (Wenfeng?) cDNA using the actin degenerate primers 
(HMOL1831 and HMOL1832), which have been used as the housekeeping gene of 
reverse transcription in our laboratory. The 100 |il of reaction mixture included about 
1 i^ g of soybean genomic DNA, IX PGR buffer with 1.5mM MgCb (Roche), 200^iM 
dNTPs, 0.5|xM of each primer, and 3 units of Taq DNA polymerase (Roche). The 
cycling profile is as followed: 94°C for 5 min; 30 cycles of 94°C for 30 sec, 52°C for 
1 min, 72°C for 1 min; 72°C for 10 min. The amplified actin cDNA was purified by 
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High Pure PGR Product Purification Kit (Roche) according to manufacturer 
instructions and added into DMSO as described. 
As external controls, the ampicillin resistance gene (amp^) and the kanamycin 
resistance gene (kanR) were amplified using gene specific primers (ampR: 
HMOL1254 and HMOL1255; kan* :^ HMOL1252 and HMOL1253) from the vectors 
pMW266 and pCRII respectively. Each of the 100 i^l of reaction mixture included 
about 100 ng ofplasmid DNA，IX PGR buffer with 1.5mM MgCb (Roche), 200^M 
dNTPs，0.5|iM of each primer, and 3 units of Taq DNA polymerase (Roche). The 
cycling profile is as followed: 94°C for 5 min; 30 cycles of 94°C for 30 sec, 60°C for 
1 min, 7 2 � C for 1 min; 72°C for 10 min. The amplified cDNAs were purified and 
added into DMSO as described. 
cDNAs in DMSO were printed automatically on GAPS II coated slides 
(Coming, Coming, NY, U.S.A.) using Prosys Gantry System 3510 (Cartesian 
Technologies, Irvine, CA, U.S.A.). The system was operated as suggested by the 
manufacturer. Distribution of clones on the slides was determined by the software 
CloneTracker version 1.4.1 (Biodiscovery, El Segundo，CA, U.S.A.). The major 
parameters in the microarray design were shown in Fig. 2.2(a). A schematic 
illustration of the microarray was shown in Fig. 2.2(b). 
For the eight leaf cDNA libraries, 30 identical slides containing 9576 clones 
libraries, 16 external control clones {E. coli ampicillin resistance gene and 
kanamycin resistance gene cDNAs), and eight internal control clones (G max actin 
cDNAs) were constructed. For the eight root cDNA libraries, another 30 identical 
slides containing 9472 clones libraries, 64 external control clones, and 64 internal 
control clones were constructed. The slides were UV cross-linked at 250mJ 
(programme C4) in GS Gene Linker UV Chamber (Bio-Rad) and baked at 80�C for 
30 min for denaturation and immobilization of cDNAs on the slide surface. 
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Table 2.2 Subtraction libraries used for microarray construction. Abbreviations of the 
tester and driver cDNAs follow those in Fig. 2.1. The leaf libraries (VI to K) and the 
root libraries (M to Z) were printed on separated slides. 
Tissue Library Tester Driver No. of clones printed 
on microarrays 
VI WC(0.3)leaf WT(0.3)leaf 1236 
VIII WT(0.3)leaf WC(0.3)leaf 1152 
A WC(0.9)leaf WT(0.9)leaf 1152 
C WT(0.9)leaf WC(0.9)leaf 1244 
Leaf 
E WT(0.3)leaf UT(0.3)leaf 1152 
G UT(0.3)leaf WT(0.3)leaf 1244 
I WT(0.9)leaf UT(0.9)leaf 1244 
K UT(0.9)leaf WT(0.9)leaf 1152 
M WC(0.3)root WT(0.3)root 1184 
0 WT(0.3)root WC(0.3)root 1184 
Q WC(0.9)root WT(0.9)root 1184 
s WT(0.9)root WC(0.9)root 1184 
Root 
u WT(0.3)root UT(0.3)root 1184 
w UT(0.3)root WT(0.3)root 1184 
Y WT(0.9)root UT(0.9)root 1184 
Z UT(0.9)root WT(0.9)root 1184 
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(a) Major parameters 
Number of 384-well plates: 25 
Number of pins used: 8(1x8) 
Array rows: 8 
Array column: 1 
Spot rows per array: 16 
Spot columns per array: 75 
Array row spacing: 4500 micron 
Spot column spacing: 250 micron 
Spot row spacing: 250 micron 
Spot diameter: 200 micron 
Number of clones: 9600 
Duplication of slides: 30 
(b) Pattern of the microarray 
16 
75 
No. of print-tip group (yellow): 
Layout of each print-tip group: 
8 
16x75 
Fig. 2.2 Design of microarray printing 
2.2.1.3 External control RNA synthesis 
cDNAs of ampR and kan'^ were amplified from the vectors pMW266 and pCRII 
respectively using different primers. The 5' primers (ampR: HMOL1248; kan^: 
HMOL1250) contains the T7 promoter sequence and the 3，primers (amp^: 
HMOL1249; kanR: HMOL1251) contains an oligo(A)3o. Each of the 100 i^l of 
reaction mixture included about 100 ng of plasmid DNA, IX PGR buffer with 
1.5mM MgCb (Roche), 0.2mM dNTPs, O.S i^M each primer, and 3 units of Taq DNA 
polymerase (Roche). The cycling profile is as followed: 94°C for 5 min; 30 cycles of 
94°C for 30 sec, 66°C for 1 min, 72°C for 1 min; 72°C for 10 min. The amplified 
cDNA was purified by High Pure PGR Product Purification Kit (Roche) as described. 
The purified PGR products of ampR and kan^ were in vitro transcribed using 
RiboMAX Large Scale RNA Production Systems - T7 (Promega) following the 
manufacturer's instruction. The cDNA templates were then digested by 20 units of 
DNase I (Invitrogen) at 37°C for 30 min. The cRNA products were extracted using 
phenol / chloroform / isoamylalcohol (25:24:1) (PCI) and chloroform / 
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isoamylalcohol (24:1) (CI), precipitated using two volumes of 95% ethanol and 1/10 
volume of 3M sodium acetate (pH5.6), and store at -80°C until use. 
2.2.1.4 Probe labelling and hybridization 
Probe labeling, microarray hybridization and detection were performed by using 
MICROMAX TSA Labeling and Detection Kit (PerkinElmer, Waltham, MA, 
U.S.A.). 
The total RNA samples of 20 soybean germplasms were first diluted to 2 |ig/|al 
and quantitated by absorbance measurement (A260/A280) and RNA denaturing gel 
electrophoresis Five micrograms of total RNA from each germplasms plus 2 ng of 
external control RNA (ampR and kan'^  in equal amount) were labelled with biotin in 
Cyanine 5 (Cy5) channel while the mixture of RNA samples from the 20 germplasms 
in equal amount (as reference) plus 2 ng of external control RNA were labelled with 
fluorescein (FL) in Cyanine 3 (Cy3) channel. cDNA was synthesized, labelled and 
purified as suggested by the manufacturer. 
The procedures of hybridization and detection were modified from the user 
manual. The microarray was first pre-hybridized with prehybridization solution at 
42°C for 45 min and washed with TNT buffer and 100% ethanol. The Biotin and FL 
labelled cDNA were then mixed, denatured at 90°C for 2 min and added on the 
microarray covered by a cover slip which had been washed with 2% SDS, 95% 
ethanol, and 100% ethanol. The microarray was incubated at 65°C for 15 h, followed 
by stringency wash by serial washing processes with 0.5X SSC with 0.01% SDS, 
0.06X SSC with 0.01%, and 0.06X SSC. Detection was performed by incubation 
with the following conjugate molecules in the dark in the following order: 400 [i\ of 
anti-FL-HRP conjugate solution for 10 min, 300 |xl of Cyanine 3 Tyramide solution 
for 15 min, 300 jil of HRP inactivation solution for 10 min, 400 i^l of 
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Streptavidin-HRP conjugate solution for 10 min, 300 |j,l of Cyanine 5 Tyramide 
solution for 10 min. The microarray was rinsed with TNT buffer with gentle agitation 
after the incubation of each kind of conjugate molecules and washed with 0.06X SSC 
with gentle agitation for 30 min, followed by centrifugation at 1000 rpm for 1 min. 
The hybridized microarray was scanned immediately. 
2.2.1.5 Hybridization signal collection 
The fluorescent signals were detected by ScanArray 4000 confocal laser 
scanning instrument (Packard Bioscience, Boston, MA, U.S.A.). The fluorophores 
Cy3 and Cy5 were excited separately with lasers of wavelengths 543 nm and 633 nm. 
The emitted signals were detected and visualized as the pseudo-coloured digital 
images (green for Cy3 and red for Cy5). The scanning protocol suggested by the 
manufacturer was used. The laser power used for scanning the 20 slides ranged from 
70-90% while the photomultiplier tubes (PMT) gain was set between 70-90%. 
2.2.1.6 Image analysis 
The images were processed by ScanArray Express Microarray Analysis System 
version 2.1.8 (PerkinElmer). Spots in the microarray were identified and quantified 
with the adaptive circle method. The green and red signals on each spot referred to 
the medians of the intensities of pixels within each circle. Background intensities 
were determined and subtracted from the two signals. 
The background subtracted intensities were then normalized with non-linear 
global LOWESS method. The signal-to-noise ratios were determined and recorded as 
the spot flags (1 to 5, 3 as a good spot). 
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2.2.1.7 Data analysis 
The expression data were analyzed by using BRB-Array Tools version 3.6.0 
Stable Release developed by Dr. Richard Simon and Amy Peng Lam 
(http://linus.nci.nih.gov/BRB-ArrayTools.html). 
Data collection 
BRB-ArrayTools compiles three types of data in tab-delimited text file format 
before analysis: 
1. Expression data: Green (Cy3) and red (Cy5) signal intensities (background 
subtracted, normalized, median values), spot flag, and spot size. 
2. Gene identifiers: Unique ID of the clones, gene description, and GenBank 
accession number. 
3. Experiment descriptor: Description on the samples used in microarray 
hybridization (RNA samples of the 20 soybean germplasms in Cy5 channel and 
the pooled RNA as reference in Cy3 channel) and description on the comparing 
schemes used in quantitative trait and classification analyses. 
The three types of data were collated into a project workbook in the standard 
Excel data format with multiple worksheets. The workbook was subjected to any 
analytical tools available in BRB-ArrayTools. 
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Filtering 
Before data analysis, the intensities of Cy3 and Cy5 signals were first filtered 
with the spot filter and intensity filter. 
1. Spot filter: The filter excluded the spot in either of the following conditions: (i) 
both intensities were below 1000; (ii) the spot contained a spot flag other than ‘3， 
labelled by ScanArray Express Microarray Analysis System; or (iii) the spot size 
was less than 10 |xm. 
2. Gene filter: This filter excluded the spot in either of the following conditions: (i) 
less than two data values have at least 1.5-fold change from the gene's median 
value; or (ii) the spot was missing or filtered out in any of the 20 experiments. 
Normalization 
Print-tip LOWESS normalization was used to avoid the dye bias and the spatial 
variation of the intensities of Cy3 and Cy5 signals. The results were evaluated by 
M-A plots and boxplots (Berger et al.’ 2004; Alvord et al., 2007). Scatterplots were 
also constructed to show the expression profile of each experiment. M-A plots and 
scatterplots were generated by BRB-ArrayTools version 3.6.0 Stable Release and 
boxplots were made manually by using RExcel (R 2.6.0). 
Quantitative trait analysis 
The clones with a statistically significant gene expression pattern between the 
two comparing group in each of the ten quantitative traits predefined by the user 
(Table 3.4) were selected. The following parameters were used: 
1. Distance metric - Pearson correlation; 
2. Significance threshold of univariate permutation test -0.0015; 
3. Number of permutations - 10000. 
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Cluster analyses 
The clones selected in quantitative trait analysis were clustered based on the 
similarity between their expression profiles. The following parameters were used: 
1. The genes are median centered; 
2. Distance metric - one minus Pearson (centered) correlation; 
3. Linkage - complete linkage. 
Cluster analysis of samples (experiments) was performed by using the same set 
of clones as in gene clustering. The following parameters were used: 
1. The genes are not median centered; 
2. Distance metric - one minus Pearson (centered) correlation; 
3. Linkage - complete linkage. 
Reproducibility analysis was performed on the sample clusters using the 
Gaussian error assumption (McShane et al, 2002). The robustness {R) index and the 
discrepancy (Z)) index of each cluster were calculated. 
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2.2.1.8 Selection of salt responsive genes using fold difference in expression 
The 20 germplasms were classified into the following germplasm groups: 
1. C - all cultivated (CI, C2, C3, C4, C5, C6, C7, C8, C9, CIO) 
W — all wild (Wl, W2, W3, W4, W5, W6, W7, W8, W9, WIO) 
T — all tolerant (CI, C2, C3, C4, C5, W1,W2, W3, W4, W5) 
S - all sensitive (C6, C7，C8, C9, CIO, W6, W7, W8, W9, WIO) 
CT - cultivated, tolerant (C1，C2, C3, C4，C5) 
CS - cultivated, sensitive (C6, C7, C8，C9, C10) 
WT - wild, tolerant (W1,W2，W3, W4, W5) 
WS - wild, sensitive (W6, W7, W8, W9, WIO) 
For each clone, the five log ratios (log2[Cy5/Cy3]) in each germplasm group 
were averaged. The fold differences in the expression between tolerant and sensitive 
germplasms were calculation by subtracting the average log ratio in sensitive 
germplasms from that in tolerant germplasms. The subtraction was shown as 
followed: 
1. CT minus CS 
2. WT minus WS 
3. T minus S 
4. C minus W 
The clones with a fold difference larger or equal to 2.5 in any of the above 
calculations were sequenced and identified as described in section 2.2.1.8. 
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2.2.1.9 DNA sequencing 
The majority of the selected clones were sequenced using the sequencing 
service provided by Macrogen (Seoul, Korea). cDNAs were first amplified by PGR 
using T3 and T7 primers. The 30 i^l of reaction mixture included about 100 ng of 
cDNA from the 96-well plates, IX PGR buffer (Promega), 1.5mM MgCb, 200[iM 
dNTPs, 0.4|4,M of each primer, and 0.75 units of Taq DNA polymerase (Promega). 
The cycling profile is as followed: 94°C for 5 min; 35 cycles of 94°C for 30 sec, 
55�C for 30 sec, 72�C for 1.5 min; 72°C for 10 min. The PGR products were purified 
by High Pure PGR Product Purification Kit as described and sent to Macrogen. 
The remaining clones were sequenced using BigDye Terminator v3.1 Cycle 
Sequencing Kit (Applied Biosystems, Foster City, CA, U.S.A.). cDNAs were 
amplified and purified as described. For each clone, cycle sequencing was performed 
with 10 of reaction mixture including about 100 ng of the PGR product, 0.5X 
BigDye Sequencing Buffer, IX Terminator Ready Reaction Mix, and 1.6 pmol of 
either T3 or T7 primer. The sequencing profile was is as followed: 96°C for 1 min; 
25 cycles of 96°C for 10 sec, 50°C for 5 sec, 60°C for 4 min. Precipitated with 25 i^l 
of 100% ethanol, 1 |il of 3M sodium acetate (pH5.2) and 0.5 \l\ of glycogen, the 
labelled DNA was sequenced by the ABI PRISM 3100 Genetic Analyzer (Applied 
Biosystems). 
The sequences were identified using BLASTN, BLASTX and expressed 
sequence tag (EST) databases in GenBank from the website of National Center for 
Biotechnology Information (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). 
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2.2.1.10 Real-time PCR analysis 
For confirmation of the results obtained from microarray experiments, 23 clones 
were tested. Total RNA was treated with DNase I (Invitrogen) at 24°C for 30 min. 
First-stranded cDNA was reverse transcribed from the DNase treated RNA using 
18-mer oligo-dT and SuperScript II Reverse Transcriptase (Invitrogen) according to 
manufacturer instructions. Equal volumes of the five cDNA samples from each 
germplasm groups (CT, CS, WT, and WS) were mixed. A pooled cDNA samples 
were also prepared by mixed Equal volumes of cDNA samples from all the 20 
germplasms. As a result, five reactions (CT, CS, WT, WS, and pooled sample) were 
required for each gene. 
Gene specific primers were designed using Primer 3 (Rozen and Skaletsky, 
2000). Primer sequences were listed in Appendix III. Each of the 20-|il reaction 
contained IX SYBR GreenER qPCR Supermix (Invitrogen), 0.3|xM each of the 
forward and reverse primers, and 6 of synthesized cDNA. The PCR reactions were 
run in an iQ5 Multicolor Real-Time PCR Detection System (Bio-Rad) with the 
following profile: 95�C for 3 min; 40 cycles of 95�C for 10 sec, 54-60°C for 30 sec. 
Immediately after PCR amplification, the reactions were run with the second profile 
(95�C for 1 min; 60°C for 1 min; 71 cycles of 60�C for 30 sec) to create the 
dissociation curve, allowing the detection of non-specific products. The PCR 
products were purified using High Pure PCR Product Purification Kit (Roche) 
according to manufacturer instructions and sequenced (section 2.2.1.7) to verify the 
primer specificity. The sequence of soybean elongation factor 1-a {Gmefla; 
accession number: AYS 1886) was used as an internal control for normalization 
(Nicot et al., 2005). Four replicates of each reaction were performed and at least 
three were averaged for analysis. The gene expression was calculated using the 
T 隐 method (Livak and Schmittgen, 2001). 
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Primer efficiencies were evaluated by real-time PCR with cDNA of different 
concentrations (4 ng/ml, 20 ng/ml, 100 ng/ml, 500 ng/ml, 5 |ig/ml). A plot of the 
threshold cycle against the amount of starting RNA in logio scale was constructed 
and the primer efficiency for each gene was calculated as E = (Pfaffl, 2001). 
Both results were shown in Appendix X. 
2.2.2 Growth conditions and treatments of plants 
2.2.2.1 Soybean for microarray hybridization and real-time PCR 
After germination in the dark for 4 days, duplicate sets each containing twenty 
soybean germplasms (Table 2.1) (four individuals for each germplasms) were grown 
in sand culture with modified Hoagland's solution (Hoagland and Amon, 1938) for 
another 15 days (until the second trifoliate emerged), in a green house with the 
average temperature of 28°C and humidity of 65%. The treatment group was 
irrigated with modified Hoagland's solution supplemented with stepwise increase of 
NaCl from 0.3%, 0.6% to 0.9% with three-day intervals. The control group was 
irrigated with Hoagland's solution. Leaf and root samples were collected from each 
germplasm three days after the 0.9% NaCl treatment. Total RNAs were extracted as 
described in section 2.2.3.2. The plants for microarray hybridization and real-time 
PCR belong to two sets of biological repeats prepared in 2003 and 2005 respectively. 
2.2.2.2 Soybean for the study of GmDNJl expression under ABA treatment 
After germination in the dark for 4 days, duplicate sets of soybean cultivar 
Union were grown in modified Hoagland's solution for 15 days (until the second 
trifoliate emerged), in the green house with the same condition as described in 
section 2.2.2.1. The treatment group was irrigated with 1/2 modified Hoagland's 
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solution supplemented with 100 [iM abscisic acid (ABA) in 0.05% methanol. The 
control group was irrigated with 1/2 modified Hoagland's solution with 0.05% 
methanol throughout the said period. Leaf and root samples were collected after 0.5, 
1, 2，4，8, 12, and 24 h of ABA/methanol treatment. Total RNAs were extracted as 
described in section 2.2.3.2. 
2.2.2.3 Wild-type and transgenic Arabidopsis for functional analysis 
Triplicate sets each containing the wild-type Arabidopsis (Col-0), the ASNl 
transgenic line (4-e-21) (Lam et al., 2003)，and two independent GmDNJl transgenic 
lines (A-3-4 and M-3-1) were germinated on Murashige and Skoog (MS) agar plates 
for 14 days in a growth chamber kept at 22°C with a 16 h light (intensity about 130 
|iE)-8 h dark cycle. For each set, 20 individuals of each line were transferred to sand 
culture and grown for another 12 days with 1/8 MS liquid medium under the same 
condition. The first group was treated with 500mM NaCl in 1/8 MS liquid medium 
for six days and another group with 15% PEG for the same period of time. The 
control group was irrigated with 1/8 MS liquid medium throughout the experiment. 
The fresh weights of the four lines were measured. 
2.2.2.4 Wild-type and transgenic rice for functional analysis 
Triplicate sets each containing the wild type rice ecotype Nipponbare (WT), the 
AS2 transgenic line (AS2) and five independent GmDNJl transgenic lines (156，164, 
167，170 and 238) were germinated in the dark at 28°C for 10 days and grown in 1/2 
MS liquid medium for another nine days in a growth chamber kept at 28°C with a 
16 h light (intensity about 120 |iE)-8 h dark cycle. Each line in each set contained 20 
individuals. The first group was treated with 200mM NaCl in MS liquid medium for 
two days followed by irrigation of 1/2 MS liquid medium for two days. Another 
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group underwent drought stress by the removal of MS liquid medium for 16 h 
followed by reintroduction of 1/2 MS liquid medium for three days. The control 
group was irrigated with 1/2 MS medium throughout the experiment. The recovery 
rates and fresh weights of the seven lines were evaluated. 
2.2.3 DNA, RNA, and protein extraction 
2.2.3.1 Plasmid DNA extraction from E. coli cells 
Plasmid DNAs were isolated from 5 ml of overnight E. coli cell culture (LB 
liquid medium with the appropriate antibiotics) using Wizard Plus SV Minipreps 
DNA Purification System (Promega), following manufacturer instructions. 
2.2.3.2 RNA extraction from plant tissues 
Total RNA was extracted from plant tissues using a method modified from 
(Ausubel et al., 1995). About 5 g of plant tissues (leaf or root) were grinded with 
liquid nitrogen and 15 ml of extraction buffer (RNA) was added. The aqueous 
sample was mixed with 15 ml of PCI, centrifuged at 4°C at 8000 rpm for 5 min, and 
retained. The process was repeated twice, one with PCI and another with CI. Two 
volumes of 100% ethanol and 1/10 volume of 3M sodium acetate (pH5.2) were 
added to the aqueous sample and stored at -20°C for one day. The resulted mixture 
was centrifuged at 8000 rpm for 20 min and the supernatant was discarded. The 
pellet was washed with 1 ml of 3M sodium acetate (pH5.6) and centrifuged at 13000 
rpm for 30 min. The supernatant was discarded. The washing step was repeated using 
180 of 100% ethanol with 3M sodium acetate (pH5.6). The pellet was finally 
resuspended in 0.4 ml of 0.3M sodium acetate (pH5.6) and precipitated in 1 ml of 
100% ethanol at —20°C for one day. The mixture was centrifuged at 13000 rpm for 
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30 min and the RNA pellet was air-dried before resuspended in 50 |j1 of 
DEPC-treated milli-Q H2O or stored at -80°C until use. 
2.2.3.3 Soluble protein extraction from plant tissues 
Soluble proteins of Arabidopsis and rice for Western blot analysis were 
extracted by using a method modified from Jiang and Rogers (Jiang and Rogers, 
1998). About 1 g of plant tissue was grinded in liquid nitrogen and 3 ml of extraction 
buffer (soluble protein) were added. The mixture was centrifuged at 2000 rpm for 10 
min and the supernatant containing the soluble proteins was collected. SDS was 
added to the final concentration of 1%. The proteins were denatured at 100°C for 10 
min and stored at -80°C until use. 
2.2.4 Blot analysis 
2.2.4.1 Northern blot analysis 
RNA denaturing gel electrophoresis and blotting 
After quantitated by RNA denaturing gel electrophoresis, about 10 \ig of each 
RNA sample were added into the loading buffer containing IX MOPS, 50% 
formamide, 18% formaldehyde, 1 |xg of ethidium bromide, 0.008% bromophenol 
blue and 1% glycerol. RNAs in the 50 \i\ of reaction mixture were denatured at 55°C 
for 20 min and separated on a denaturing agarose gel containing 1% agarose, IX 
MOPS and 1% formaldehyde. The gel and a positively charged nylon membrane 
(Roche) were soaked with lOX SSC for 16 h for RNA transfer. The membrane was 
UV cross-linked at 250mJ (programme C4) in GS Gene Linker UV Chamber 
(Bio-Rad). 
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Hybridization and stringency wash 
The membrane was incubated in a hybridization bottle with 10 ml of 
prehybridization solution with gentle rotation at 42°C for 2 h and 10 ml of 
hybridization solution (containing 20 ng/ml DNA probe) at 42°C for 16 h. The 
hybridized membrane was washed with 50 ml of cold wash solution with gentle 
rotation at 22°C for 15 min twice and 10 ml of hot wash solution at 68°C for 15 min 
twice. The membrane was then placed in 50 ml of lOOmM maleic acid (pH7.5) with 
gentle rotation at 22°C for 2 min. 
Detection 
The washed membrane was incubated in 40 ml of blocking solution at 22°C for 
2 h and 40 ml of blocking solution with 1:10000 anti-digoxigenin-AP (Roche). After 
washed with 10 ml of lOOmM maleic acid (pH7.5) at 22°C for 15 min twice and 
detection buffer at 22°C for 2 min, the membrane was soaked with CSPD 
ready-to-use (Roche) and exposed to Lumi-Film Chemiluminescent Detection Film 
(Roche) at 37°C for 2-24 h. The film was developed by using the developer and 
replenisher provide by Kodak. 
2.2.4.2 Western blot analysis 
SDS'PAGE and blotting 
About 20 fxg of each protein samples were added into the loading buffer 
containing 5% p-mercaptoethanol, 0.008% bromophenol blue and 1% glycerol. 
Proteins in the 40 |il of reaction mixture were denatured at 100°C for 20 min and 
separated on a polyacrylamide gel (4% and 10% acrylamide in stacking and 
resolving gels) using the Mini-PROTEAN 3 Electrophoresis System (Bio-Rad) at 80 
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V for 1.5 h. The separated proteins were transferred to a pretreated PVDF membrane 
(Bio-Rad) (soaked with 100% methanol for 20 minutes, 20% methanol for 10 min, 
and protein transfer buffer for 15 min) using the Trans-Blot SD semi-dry transfer cell 
(Bio-Rad) at 16 V for 45 min. 
Hybridization, antibody wash and detection 
Blocking, hybridization with primary and secondary antibodies and antibody 
wash were performed using the WestemBreeze Chemiluminescent Western Blot 
Immunodetection Kit (Invitrogen), following the procedures in the user manual. The 
polyclonal primary antibody raised by Invitrogen was used with a titre of 1:10000. 
Specific proteins on the membrane were visualized using SIGMA FAST BCIP/NBT 
Buffered Substrate Tablet (Sigma-Aldrich). 
2.2.5 Subcloning of GmDNJl into pGEX-4T-l 
2.2.5.1 Restriction digestion, DNA purification and ligation 
The full-length GmDNJl fragments were excised from pKS-GmDNJl (Table 
2.1) using the restriction enzymes EcoRl and Xhol (NEB). Five micrograms of 
plasmid DNAs were added into 30 [i\ of reaction mixture including IX NEB buffer 2 
(NEB), 6 |ig ofBSA and 40 units of 五coRI (NEB), followed by the addition of 2 i^g 
of BSA and 40 units of Xhol (NEB). The GmDNJl fragments were isolated from 
plasmid DNAs by agarose gel purification. The pGEX-4T-l (GE Healthcare) was cut 
by EcoRl and Xhol (NEB) using the described method, purified using PCI and CI, 
and precipitated using two volumes of 95% ethanol and 1/10 volume of 3M sodium 
acetate (pH5.2). 
For ligation, the GmDNJl fragments and the cut pGEX-4T-l were mixed in 10 
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jil of reaction mixture including IX ligation buffer (Promega), 1 jig of BSA, ImM 
ATP and 3 units of T4 DNA ligase (Promega). The reaction mixture was incubated at 
16�Cfor 16h. 
2.2.5.2 Transformation of competent Escherichia coli (DH5a and BL21) 
Two E. coli strains were used for transformation. DH5a was used for regular 
cloning and long-term storage of plasmids. BL21 (DE3) was used for production of 
GST-GmDNJl fusion proteins used in the luciferase refolding assay (section 2.2.6). 
About 0.1 [i\ of the ligation products was added into 100 of E. coli competent 
cells which had been treated with calcium chloride solution. The cells were incubated 
on ice for 10 min, shocked at 42°C for 2 min, and rescued with 0.5 ml Luria Beitani 
(LB) liquid medium. The heat-shocked cells were grown at 37°C for 30 min with 
shaking at 180 rpm, spread on an LB agar plate with 100 |ig/ml ampicillin, and 
grown at 37°C for 16 h. The clones present in the plate were confirmed by PGR 
screening using GmDNJl gene specific primers (HMOL5793 and HMOL5794) and 
DNA sequencing as described in section 2.2.1.7. 
2.2.6 Luciferase refolding assay 
2.2.6.1 Culture oiE, coli strain BL21 (DE3) 
The E. coli strain BL21 (DE3) with either pGEX-4T-l-GmDNJl or pGEX-4T-l 
was incubated in 5 ml of LB liquid medium containing 100|ig/ml ampicillin with 
shaking (180 rpm) at 37°C for 16 h. After that, 0.5 ml of the culture were transferred 
to 50 ml of LB liquid medium with 100 jig/ml ampicillin and incubated with shaking 
(130 rpm) at 30�C to an OD600 of 0.6-0.8 (2-3 h). IPTG were added to a final 
concentration of ImM and the culture was incubated at 30°C for another 2 h. 
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2.2.6.2 Cell lysis 
After incubation, 40 ml of the IPTG-induced cell culture were collected and 
centrifuged at 8000 rpm at 4°C for 5 min. The supernatant was discarded and the cell 
pellet was resuspended with 2ml of IX PBS containing ImM PMSF, 2|iM leupeptin 
and Img/ml lysozyme. The cells were lyzed by incubation at 22°C for 1 hour. The 
lysate was centrifuged at 8000 rpm at 4°C for 5 min and the supernatant containing 
the soluble proteins of E. coli cells was collected. 
2.2.6.3 Purification of the GST-GmDNJl fusion protein 
The GST-GmDNJl fusion protein was purified using MicroSpin GST 
Purification Module (GE Healthcare). The resin in the Glutathione Sepharose 4B 
MicroSpin column was resuspended by vortexing gently and centrifuged at 3000 rpm 
for 1 min. In the MicroSpin column, 600 |il of the lysate was mixed with the resin 
and incubated at 22°C for 10 min, followed by centrifugation at 3000 rpm for 1 min. 
The MicroSpin column was washed with 600 |il of IX PBS and centrifuged at 3000 
rpm for 1 min. PBS washing was repeated once. For elution of the GST-GmDNJl 
protein, 150 [l\ of reducing glutathione elution buffer were added into the column, 
incubated at 22°C for 10 min and centrifuged at 3000 rpm for 1 min. Second elution 
with 100 \i\ of reducing glutathione elution buffer was performed if necessary. The 
eluate for luciferase refolding assay was used immediately and that for SDS-PAGE 
was stored at -80°C with 60 |j,l of glycerol. 
2.2.6.4 Quantitation of protein 
The concentrations of purified GST-GmDNJl and GST proteins were 
determined by Bradford protein assay (Bradford, 1976). The Bio-Rad Protein Assay 
Kit II (Bio-Rad) was used and BSA was the standard. 
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2.2.6.5 Luciferase refolding assay 
Luciferase refolding assay was performed as described in Zmikewski et al 
(Zmikewski et al., 2004). Luciferase in luciferase-refolding buffer L (40mM 
Tris-HCl (pH 7.4)，50mM KCl, 5 mM DTT, lOmM MgCh，and 10% glycerol) with 
different combinations of the chaperone proteins was incubated at 25°C for 10 min. 
The chaperone proteins DnaK, DnaJ, GrpE from E, coli were from Stressgen 
(Victoria, BC，Canada) and QuantiLum Recombinant Luciferase was from Promega. 
The concentration of DnaK was 1 \iM, DnaJ 0.2 |iM, GrpE 0.5 |iM, GmDNJl 0.2 
|iM, and luciferase 80 nM. In control assays, 0.2 ^M GmDNJl was replaced by 
either 0.2 |iM GST or 0.5 mg/ml BSA. The incubated luciferase was denatured at 
42°C for 10 min and re-natured at 25°C for about 20 min in the presence of 5mM 
ATP. Luciferase activity was determined by using the Bright-Glo Luciferase Assay 
System (Promega) and a luminometer. Luciferase activity in the presence of the E. 
coli homologous K-J-E chaperone system (DnaK, DnaJ and GrpE) was set as 100%. 
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Chapter 3 Results 
3.1 Overview of cDNA microarray analysis 
To identify salt responsive genes from soybean, two cultivated soybean 
germplasms, Wenfeng? (salt tolerant) and Union (salt sensitive), were used for the 
construction of cDNA subtraction libraries. The contrasting phenotypes under salt 
stress in these two germplasms were previously evaluated in greenhouse and open 
field (Shao et al., 1986; Phang, 2002). As described in section 2.1.1，the two 
germplasms were treated with stepwise increment of NaCl from 0.3%, 0.6% to 0.9% 
with three-day intervals. cDNAs from the leaf and root tissues were used to construct 
16 cDNA subtraction libraries (eight for each kind of tissue; Table 3.1). 
Considering the leaf cDNA libraries, the eight libraries can be divided into four 
groups, each of which comprises one library and its reciprocal subtraction. The first 
two groups (VI and VIII, A and C) reveal the clones differentially expressed under 
salt stress in the salt tolerant germplasm Wenfeng? under 0.3% or 0.9% NaCl 
treatment, respectively. On the other hand, the last two groups (E and G, I and K) 
compare the expression profiles of Wenfeng? and Union, under 0.3% or 0.9% NaCl 
treatment, respectively. From the eight libraries, 9576 clones were chosen for the 
construction of cDNA microarray. 
The eight libraries from root tissue follow the same ways of substraction and 
can be divided into four groups (M and 0，Q and S, U and W, Y and Z; Table 3.1). As 
a quick scan on the libraries, 640 clones from the root libraries were sequenced. The 
most abundant clones were listed in Table 3.2. 
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Table 3.1 Subtraction libraries used for microarray construction and their subtraction 
schemes. 
Tissue Library Tester Driver Subtraction 
Leaf 
Root 
VI LI. WC(0.3)leaf L2. WT(0.3)leaf 
VIII L2. WT(0.3)leaf LI. WC(0.3)leaf 
A L3. WC(0.9)leaf 








E L2. WT(0.3)leaf 















U R2. WT(0.3)root R5. UT(0.3)root 
W R5. UT(0.3)root R2. WT(0.3)root 
Y R4. WT(0.9)root 

















(R4 - R6) 
(R6-R4) 
a. Growth conditions and treatment of plants from which the tester and driver 
cDNAs were extracted were described in section 2.1.1. 
b. WT(0.3): Wenfeng? treated with 0.3% NaCl; UT(0.3): Union treated with 0.3% 
NaCl; WT(0.9): Wenfeng? treated with 0.9% NaCl; UT(0.9): Union treated with 
0.9%NaCl; WC(0.3): control of WT(0.3); WC(0.9): control of WT(0.9); UC(0.3): 
control of UT(0.3); UC(0.9): control of UT(0.9). 
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Table 3.2 The most abundant clones in the eight libraries from root tissues. 
Gene description (blastx) 
Libraries containing No. of clones 
the gene 
Cytosolic glutamine synthetase M, 0 , U, W, Z 13 
Unbiquitin-conj ugating enzyme 0，S，W, Y，Z 11 
Embryogenesis receptor kinase 1 M, S, U, W, Y 9 
Serine/threonine protein kinase S, U, Y, Z 8 
Calreticulin 0， u , z 5 
Chorismate synthase S,W,Y • 5 
GTP-binding protein W 5 
Centrin 0，M 4 
Osmotin 0 , Z 4 
Seed maturation protein PM37 S,W,Y 4 
Yippee putative zinc-binding protein M, Q, S, Z 4 
Gigantea protein S,Y 3 
Glutathione reductase Q , w 3 
Zinc transporter W 3 
On the other hand, it was found that more than 10% (66 out of 640) were rRNA. 
Subsequent microarray analysis identified more than 20 internal / external control 
clones as salt responsive genes. Both results indicated that the root libraries may not 
be suitable for microarray analysis. Only the results of sequence analysis and 
microarray experiments concerning the leaf libraries were therefore considered from 
this point. 
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Twenty soybean germplasms (ten cultivated and ten wild, with contrasting 
phenotypes under salt stress; refer to Table 2.1) were grown and treated in the same 
way as those samples used for microarray construction (section 2.2.1.1). cDNAs 
were extracted from leaf tissues of the 20 germplasms and hybridized to the 
microarrays. The resulting expression profiles were analyzed using three approaches: 
1. Identification of salt responsive genes from subtraction libraries (section 3,2): 
To perform a quick comparison between the expression profiles of salt tolerant 
Wenfeng? and salt sensitive Union under mild and severe salt damages, about 
1,000 clones from libraries E and I were sequenced. This method immediately 
identified the salt responsive genes that were highly expressed in salt tolerant 
Wenfeng? compared to salt sensitive Union. 
2. Selection of salt responsive genes using fold differences in expressions (section 
3,4): After cDNA microarray assembly, hybridization, scanning, and data 
conversion (from signals to levels of expression), the expression profiles of the 
twenty soybean germplasms were compiled into Excel and normalized using 
BRB-ArrayTools software version 3.6.0 Stable Release developed by Dr. Richard 
Simon and Amy Peng Lam. The clones with at least 2.5-fold difference in 
expression between tolerant and sensitive germplasms were considered salt 
responsive. 
3. Selection of salt responsive genes using statistical tools (sections 3.5): A few 
statistical tools available in BRB-ArrayTools were applied to identify the salt 
responsive genes of which the differences in expression between the germplasms 
with contrasting phenotypes under salt stress (tolerant vs. sensitive) or different 
origins (cultivated vs. wild) were statistically significant (P<0.0015). 
6 0 
3.2 Identification of salt responsive genes in subtraction libraries 
concerning two contrasting soybean germplasms 
As a quick comparison between the expression profiles of Wenfeng? and Union, 
nearly 1,000 selected clones from subtraction libraries E and I were sequenced. 
Five-hundred-and-seventy clones from subtraction library E (genes with higher 
expression in WenfengT's leaf than in Union's leaf under 0.3% NaCl treatment; refer 
to Table 3.1) printed on the cDNA microarray were sequenced. The clones used for 
printing the microarray were amplified by PGR, purified, and sequenced with T3 or 
T7 primer as described in section 2.2.1.9. The 362 clones successfully sequenced 
were analyzed using BLASTN, BLASTX and EST databases in GenBank. The 
sequences were classified into six categories according to their gene ontology (GO) 
annotations and their putative functions. They represent at least 143 genes, excluding 
those with no homologous sequence in GenBank. Nearly 30% (41 out of 143) of the 
genes are related to metabolic activities including photosynthesis, respiration, and 
carbon and nitrogen metabolism. Some of them like chlorophyll a/b-binding protein, 
ribulose-1,5-bisphosphate carboxylase/oxygenase (RUBISCO), chalcone reductase, 
cinnamoyl-CoA reductase, and dihydroflavonol reductase are abundant genes 
commonly found in plant microarray. Another prevailing category is molecular 
function (22%; 32 out of 143) comprising signal transducers (kinases, phosphatases, 
and the well-known S0S2), proteases (FtSH, ubiquitin carrier proteins), transporters, 
and chaperones. There were also genes controlling gene expression, including a 
number of transcription factors and ribosomal proteins. In addition, some 
stress-related genes, including a LEA protein, RD22, glutathione peroxidase, and 
four pathogen-induced genes (endo-1,4-beta-glucanase from G max, IM30’ 
thaumatin, and a pathogen-induced protein from Solarium commersonii) were 
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identified. Nearly 20% of the genes (25 out of 143) showed homology to unknown or 
hypothetical proteins from Arabidopsis thaliana and Vitis vinifera. The result was 
summarized in Table 3.3. 
For subtraction library I (genes with higher expression in WenfengT's leaf than 
in Union's leaf under 0.9% NaCl treatment; refer to Table 3.1), 396 clones were 
examined and 274 clones were successfully sequenced. At least 127 genes, excluding 
those with no homologous sequence in GenBank, were identified. Proportions of the 
six categories were similar to those in library E. Metabolism-related genes (28%; 36 
out of 127) dominated the gene list. The photosystem proteins, RUBISCO, chalcone 
reductase, and dihydroflavonol reductase were also abundant in library I. 
Nevertheless, a putative senescence-associated protein was identified in library I but 
not library E. The second large group was unknown or hypothetical proteins, which 
contained 28 genes (20%). Similar to library E, many of the unknown or hypothetical 
proteins were homologues of A. thaliana and V. vinifera. A large number of the 
remaining genes encoded putative transcription factors, ribosomal proteins, proteases, 
and signal transducers. Homologues of stress-related genes identified in this library 
included the pathogenesis-related gene PR-5, an aquaporin, RD22’ seed maturation 
protein PM39’ four antioxidants (superoxide dismutase, two glutathione peroxidases, 
and glutathione reductase), and a universal stress protein. An aluminium-tolerant 
gene from G max {Sali3-2) was also found. The result was summarized in Table 3.4. 
Between libraries E and I，28 genes (165 and 121 clones in libraries E and I 
respectively) were common. Almost One-third of them were related to 
photosynthesis and respiration, such as, chlorophyll a/b-binding protein, photosystem 
proteins, RUBISCO, and cytochrome. In addition, there were five signal transducers 
in common, including the important S0S2-like protein kinase from G max and the 
homologue of ATCEN2 from A. thaliana. Several genes for secondary metabolism or 
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cell wall modification like chalcone reductase, cinnamoyl-CoA reductase, and 
dihydroflavonol reductase, were abundant in both libraries. Interestingly, the 
stress-related candidates RD22 and glutathione peroxidase were also present. In 
addition, an envelope membrane protein from G. max was found. Four of the 
overlapping genes were unknown or hypothetical proteins, all of which are 
homologues of genes from V. vinifera. The overlapping expression profiles in 
libraries E and I with genes from different functional categories suggested that there 
may be many common features in tolerance mechanisms against low (0.3%) and high 
(0.9%) dosage of salt treatments and these genes are good starting points for 
investigation. Further information of the 28 overlapping genes was shown in Table 
3.5. 
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Table 3.3 Identification and categorization of the 362 clones in subtraction library E. 
The clones in the group "No homology" were not included in the number of genes. 
I. Response to stress (27 clones, 11 genes) 
A. Response to salt stress (1 clone, 1 gene) 
• LEA protein (1 clone) 
B. Response to desiccation (18 clones, 2 genes) 
_ Putative galactinol synthase (1 clone) 
• RD22-like protein (17 clones) 
C. Response to oxidative stress (1 clone, 1 gene) 
• Glutathione peroxidase 1 (1 clone) 
D. Response to other stress (7 clones, 7 genes) 
AtMRP9 (1 clone) 
Chromatin binding (1 clone) 
Endo-1,4-beta-glucanase (1 clone) 
IM30 (1 clone) 
Pathogenesis-related thaumatin family protein (1 clone) 
Putative pathogen-induced protein (1 clone) 
SRCl (1 clone) 
II. Gene expression (40 clones, 23 genes) 
A. Nucleic acid binding (6 clones, 3 genes) 
• ATP binding / damaged DNA binding (3 clones) 
• OSJNBbOO 17101.21 (2 clones) 
• Putative DNA polymerase epsilon catalytic subunit (1 clone) 
B. Transcription regulation (8 clones, 8 genes)) 
CCAAT-binding transcription regulation protein (1 clone) 
Putative AP2 domain transcription regulation protein (1 clone) 
Putative C2H2 zinc-finger protein (1 clone) 
Putative LHY-like protein (1 clone) 
RAP2.4 (1 clone) 
SIT4 phosphatase-associated family protein (1 clone) 
Transcription factor (from G. max) (1 clone) 
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• Zinc finger (C3HC4-type RING finger) family protein (1 clone) 
C. Post transcription regulation (4 clones, 2 genes) 
• Oligouridylate-binding protein (1 clone) 
• RNA recognition motif-containing RNA binding protein (3 clones) 
D. Translation regulation (22 clones, 10 genes) 
« 40S ribosomal protein S7-like protein (1 clone) 
• Eukaryotic release factor 3 (1 clone) 
• Eukaryotic translation regulation initiation factor eIF-1 A (1 clone) 
• NAC domain protein NAC2 (4 clones) 
• Ribosomal protein L3 (1 clone) 
• Ribosomal protein L18A (1 clone) 
• Ribosomal protein L27 (1 clone) 
• Ribosomal protein L29 (8 clones) 
• Ribosomal protein S7 (3 clones) 
_ Translation regulation initiation factor 2 (1 clone) 
III. Molecular function (47 clones, 32 genes) 
A. Chaperone activity (3 clones, 3 genes) 
• 70 kDa heat shock protein (1 clone) 
• 70 kDa heat shock cognate protein 2 (1 clone) 
• Chaperonin 21 precursor (1 clone) 
B. Protein modification (13 clones, 9 genes) 
DEGP7 ( 1 clone) 
FstH-like protein precursor (1 clone) 
PEX4; ubiquitin-protein ligase (3 clones) 
Putative chloroplast FtsH protease (3 clones) 
Putative cullin (1 clone) 
Ubiquitin carrier protein (1 clone) 
Ubiquitin-protein ligase (1 clone) 
Unnamed protein product (1 clone) 
Zinc finger protein (1 clone) 
C. Signal transduction (17 clones, 11 genes) 
. A t 3 g l 7 0 9 0 ( l clone) 
• AtCEN2 (1 clone) 
• Calmodulin-binding protein 60-A (2 clones) 
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CpABAl (1 clone) 
GRIKl (1 clone) 
Neutral ceramidase (1 clone) 
Protein kinase family protein (3 clones) 
Putative protein phosphatase 2C (2 clones) 
Putative immunophilin (1 clone) 
Signal peptidase 1 family protein (1 clone) 
S0S2-like protein (3 clones) 
D. Transport (14 clones, 9 genes) 
ATGCN5 (1 clone) 
Hypothetical protein (ABC transporter-like) (1 clone) 
MRP-like ABC transporter (1 clone) 
P-type transporting ATPase (1 clone) 
Putative permease (1 clone) 
Putative plastid triose phosphate translocator (2 clones) 
Putative sugar transporter (1 clone) 
Putative transporter-like protein (1 clone) 
Root border cell-specific protein (5 clones) 
IV. Metabolic activity (80 clones; 41 genes) 
A. Photosynthesis (35 clones; 16 genes) 
Auxin-induced putative CP 12 domain-containing protein (4 clones) 
Chlorophyll a/b binding protein (6 clones) 
Chloroplast photosystem II 22kDa component (1 clone) 
Coproporphyrinogen oxidase (1 clone) 
Fructose-1,6-bisphosphatase (1 clone) 
NDH-0 (1 clone) 
PGR5 (1 clone) 
Photosystem 1 assembly protein ycf4 (1 clone) 
Phtosystem 1 P700 apoprotein A2 (1 clone) 
Photosystem I reaction center subunit III ( 1 clone) 
Photosystem I reaction center subunit X ( 1 clone) 
Phytosystem II protein Z (2 clones) 
Putative CAO protein (4 clones) 
Ribulose-1,5-bisphosphate carboxylase/oxygenase (RUBISCO) (4 clones) 
RUBISCO activase (5 clones) 
Sedoheptulose-1,7-bisphosphatase (1 clone) 
6 6 
B. Respiration (7 clones; 7 genes) 
• ATP synthase CFO subunit I (1 clone) 
• ATP synthase CFO subunit IV (1 clone) 
• CYP82Clp(l clone) 
• Cytochrome b6/f complex subunit (1 clone) 
• Cytochrome f (1 clone) 
• Ferredoxin (1 clone) 
• Methyltransferase-like protein (1 clone) 
C. Carbohydrate metabolism (5 clones; 5 genes) 
• 6-phosphogluconate dehydrogenase (1 clone) 
• Phosphoglucomutase precursor (1 clone) 
• Putative 21kD protein precursor (1 clone) 
• Putative ripening-related protein (1 clone) 
• Soluble acid invertase (1 clone) 
D. Lipid metabolism (9 clones; 3 genes) 
• Acetyl-CoA carboxylase acetyltransferase (7 clones) 
• Alpha/beta fold family protein (1 clone) 
• GDSL-motif lipase/hydrolase family protein (1 clone) 
E. Nitrogen metabolism (4 clones; 4 genes) 
• Asparaginase (1 clone) 
• Monofunctional aspartokinase precursor (1 clone) 
• Phenylalanine ammonia-lyase (1 clone) 
_ S-adenosyl-L-methionine synthetase (1 clone) 
F. Secondary metabolism (19 clones; 5 genes) 
• Chalcone reductase (9 clones) 
• Dihydroflavonol reductase (7 clones) 
• GDP-mannose 3,5-epimerase (1 clone) 
_ Myo-inositol-1 -phosphate synthase (1 clone) 
• Putative 5-enolpyruvylshikimate 3-phosphate synthase (1 clone) 
G. Hormone production (1 clone; 1 gene) 
• Carotenoid 9，10-9，，10，cleavage dioxygenase (for abscisic acid synthesis) 
(1 clone) 
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V. Cellular component (94 clones; 11 genes) 
A. Cell wall modification (82 clones; 5 genes) 
• Alpha-1,2-fucosyltransferase (1 clone) 
• Cell wall protein (SbPRP3) (2 clones) 
• Cinnamoyl-CoA reductase (77 clones) 
• Putative cellulose synthase (1 clone) 
• Xyloglucan fucosyltransferase (1 clone) 
B. Endoplasmic reticulum (3 clones; 2 genes) 
. B T I 3 (VIRB2-interacting protein 3) (1 clone) 
• Reticulon family protein (2 clones) 
C. Membrane (3 clones; 2 genes) 
• Envelope membrane protein (2 clones; 2 genes) 
• Rab7p (1 clone) 
D. Plastid (1 clone; 1 gene) 
• Plastid developmental protein DAG (1 clone) 
E. Retransposon (5 clones; 1 gene) 
• Retrotransposon protein (5 clones) 
VI. Unknown / hypothetical protein (74 clones; 25 genes) 
A. Unknown / hypothetical protein (29 clones = 25 genes) 
B. No homology (45 clones) 
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Table 3.4 Identification and categorization of the 274 clones in subtraction library I. 
The clones in the group "No homology" were not included in the number of genes. 
I. Response to stress (21 clones; 15 genes) 
A. Response to salt stress (1 clone; 1 gene) 
• PR-5 (a salt-inducible acidic isoform of PR-5 in soybean) (1 clone) 
B. Response to desiccation (9 clones; 3 genes) 
• Putative aquaporin (2 clones) 
• RD22-like protein (6 clones) 
• Seed maturation protein PM39 (1 clone) 
C. Response to oxidative stress (4 clones; 4 genes) 
• Cu/Zn superoxide dismutase II (1 clone) 
• Glutathione peroxidase 1 (1 clone) 
- G l u t a t h i o n e reductase (1 clone) 
• Phospholipid hydroperoxide glutathione perioxidase (1 clone) 
D. Response to other stress (6 clones; 6 genes) 
Clone 37 putative resistance gene analog pseudogene (1 clone) 
Disease resistance response protein (1 clone) 
Putative thaumatin-like protein (1 clone) 
SI-3 (1 clone) 
Sali3-2 (1 clone) 
USP-like protein (1 clone) 
II. Gene expression (42 clones; 22 genes) 
A. Nucleic acid binding (5 clones; 3 genes) 
. A T S M C 3 (1 clone) 
• Methyladenine glycosylase (3 clones) 
• Putative helix-loop-helix DNA-binding protein (1 clone) 
B. Transcription regulation (11 clones; 7 genes) 
• bZIP transcription factor ATB2 (1 clone) 
• DNA-directed RNA polymerase II (1 clone) 
• Glucose-inhibited division A family protein (3 clones) 
• Homeodomain-leucine zipper protein 56 (2 clones) 
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• Putative small nuclear ribonucleoprotein polypeptide F (2 clones) 
• SLYl (SLEEPYl) (1 clone) 
• Timing of CAB expression 1 protein (1 clone) 
C. Post transcription regulation (6 clones; 3 genes) 
• GTP binding / RNA binding protein (1 clone) 
• Pentatricopeptide (PPR) repeat-containing protein (2 clones) 
• RNA recognition motif-containing RNA binding protein (3 clones) 
D. Translation regulation (20 clones; 9 genes) 
40S ribosomal protein (1 clone) 
40S ribosomal protein S2 (RPS2D) (2 clones) 
40S ribosomal protein S15A(2 clones) 
40S ribosomal protein S7 (5 clones) 
Ribosomal protein L29 (4 clones) 
Ribosomal protein L33 (2 clones) 
Ribosomal protein L36 (1 clone) 
Ribosomal protein S26 (1 clone) 
Wrpl5a (2 clones) 
III. Molecular function (38 clones; 24 genes) 
A. Chaperone activity (2 clones; 2 genes) 
_ 26.5 kDa class P-related heat shock protein (1 clone) 
_ Seed maturation protein PM37 (1 clone) 
B. Phosphatase (2 clones; 1 gene) 
• Vegetative storage protein (2 clones) 
C. Protein modification (7 clones; 6 genes) 
• Coatomer protein complex subunit beta 2 (1 clone) 
• Cy statin (1 clone) 
• Cysteine proteinase inhibitor Scb-like protein (1 clone) 
• Putative serine carboxypeptidase (1 clone) 
• Ubiquitin-associated (UBA) / TS-N domain-containing protein (1 clone) 
• Zinc finger protein (2 clones) 
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D. Signal transduction (24 clones; 12 genes) 
Acylphosphatase family (1 clone) 
AtCEN2 (1 clone) 
Centrin (3 clones) 
Peptidylprolyl isomerase (1 clone) 
Protein kinase family protein (1 clone) 
Protein phosphatase 2C family protein (1 clone) 
Putative Cdc2-related protein kinase CRK2 (1 clone) 
Putative tubby protein (1 clone) 
Rho-GTPase-activating protein-like (1 clone) 
Signal peptidase 1 family protein (10 clones) 
S0S2-like protein kinase (1 clone) 
WD-40 repeat family protein (2 clones) 
E. Transport (3 clones; 3 genes) 
• Magnesium transporter CorA-like family protein (1 clone) 
_ RAB5-interacting protein (1 clone) 
• Syntaxin (1 clone) 
IV. Metabolic activity (74 clones; 36 genes) 
A. Photosynthesis (29 clones; 15 genes) 
Auxin-induced putative CP 12 domain-containing protein (1 clone) 
Chlorophyll a/b-binding protein (7 clones) 
Coproporphyrinogen oxidase (1 clone) 
Geranylgeranyl hydrogenase (1 clone) 
LHCB3 (1 clone) 
Oxygen-evolving complex of photosystem II (1 clone) 
Phosphoribulokinase (1 clone) 
Photosystem I assembly protein ycf4 (1 clone) 
Photosystem I reaction center subunit III (2 clones) 
Photosystem I reaction center subunit XI (1 clone) 
Photosystem I subunit O (1 clone) 
Photosystem II protein (1 clone) 
Plastocyanine (1 clone) 
Putative CAO protein (2 clones) 
Ribulose-1,5-bisphosphate carboxylase (RUBISCO) (7 clones) 
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B. Respiration (20 clones; 7 genes) 
• ATP synthesis beta subunit (3 clones) 
• Cytochrome b6/f complex subunit IV (11 clones) 
• Enolase (1 clone) 
• Fl-ATPase (1 clone) 
• Glucose-6-phosphate-dehydrogenase (1 clone) 
• NADH dehydrogenase subunit K (2 clones) 
• NADH-plastoquinone oxidoreductase subunit K (1 clone) 
C. Carbohydrate metabolism (2 clones; 2 genes) 
-Be ta -amylase (1 clone) 
• Glucosyltransferase (1 clone) 
D. Lipid metabolism (11 clones; 5 genes) 
• Acetyl-CoA carboxylase acetyltransferase (7 clones) 
• Acyl-CoA binding protein (1 clone) 
• Alpha-1,2-fucosyltransferase (1 clone) 
• Beta-carboxyltransferase subunit (1 clone) 
• Unnamed protein product with START domain for lipid transfer (1 clone) 
E. Nitrogen metabolism (8 clones; 4 genes) 
• Glutamine synthetase (1 clone) 
• NADH-glutamate synthase (1 clone) 
• Putative bark storage protein (1 clone) 
• Senescence-associated protein (for molybdenum cofactor synthesis) 
(5 clones) 
F. Secondary metabolism (4 clones; 3 genes) 
• Dihydroflavonol reductase (2 clones) 
• Putative 2-oxoglutarate-dependent oxygenase (1 clone) 
_ Thiamine biosynthesis family protein (1 clone) 
V. Cellular component (46 clones; 6 genes) 
A. Cell wall modification (40 clones; 2 genes) 
• Cinnamoyl-CoA reductase (39 clones) 
• Expansin (1 clone) 
B. Cytoskeleton (1 clone; 1 gene) 
. T u b u l i n B4 (1 clone) 
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C. Membrane (2 clones; 2 genes) 
• Binding / catalytic (1 clone) 
• Envelope membrane protein (1 clone) 
D. Retransposon (3 clones; 1 gene) 
• Retrotransposon protein (3 clones) 
VI. Unknown / hypothetical protein (54 clones; 25 genes) 
A. Unknown / hypothetical protein (30 clones = 25 genes) 
B. No homology (24 clones) 
Table 3.5 Genes identified in both libraries E and I (28 genes) and their abundance. 
Gene description (blastx) Category 





Response to desiccation 17 6 
Response to oxidative 1 1 
stress 
RNA recognition motif family protein 
40S ribosomal protein S7-like protein 
Putative ribosomal protein L29 
Zinc finger protein 
ATCEN2 









Protein phosphatase 2C family protein Signal transduction 2 1 
Signal peptidase I family protein Signal transduction 1 10 
S0S2-like protein kinase Signal transduction 3 1 
Auxin-induced putative CP 12 Photosynthesis 4 1 
domain-containing protein 
Chlorophyll a/b-binding protein Photosynthesis 6 3 
Coproporphyrinogen oxidase Photosynthesis 1 1 
Photosystem I assembly protein Photosynthesis 1 1 
Photosystem I reaction center Photosynthesis 1 2 
Putative CAO protein Photosynthesis 4 2 
Ribulose-1,5-bisphosphate Photosynthesis 4 7 
carboxylase/oxygenase (RUBISCO) 
Cytochrome b6/f complex subunit IV Respiration 1 11 
Acetyl-CoA carboxylase Lipid metabolism 7 7 
carboxyltransferase beta subunit 
Dihydroflavonol reductase Secondary metabolism 7 2 
Cinnamoyl-CoA reductase-like protein Cell wall modification 77 39 
Envelope membrane protein Membrane 2 1 
Retrotransposon protein Retrotransposon 5 3 
Hypothetical protein (CAN66875) Hypothetical protein 1 2 
Hypothetical protein (CAN68361) Hypothetical protein 1 1 
Unnamed protein product (CA061509) Unknown protein 1 1 
Unnamed protein product (CA021522) Unknown protein 1 2 
Total no. of clones 165 121 
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3.3 Data processing before selection of salt stress responsive genes 
In this project, 9576 and 9472 clones, from the leaf and root libraries 
respectively, were printed on separated microarrays. After hybridization with cDNAs 
from twenty soybean germplasms, scanning, and image processing (sections 
2.2.1.1-2.2.1.6), the expression profiles of the 20 soybean germplasms were 
compiled in Excel, filtered, and normalized by using the BRB-AirayTools software 
version 3.6.0 Stable Release developed by Dr. Richard Simon and Amy Peng Lam. 
Less than one-third of the clones (3131) passed through the spot and gene filters. 
Print-tip LOWESS normalization was performed. This approach eliminated both the 
dye bias and the spatial variation in background intensity among the eight print-tip 
groups on the microarray (Fig. 2.2). The normalized results were evaluated by using 
M-A plots and boxplots. 
3.3.1 M-A plot 
The M-A plot is a modified scatterplot, which shows the intensity-dependent 
ratio of the expression data. "M" stands for the log ratio (M=log2[(Red)/(Green)]) on 
the y-axis and "A" the average log intensity (A=[log2(Red)+log2(Green)]/2) on the 
X-axis. Referring to the M-A plots of the unnormalized data (Appendix VI, column 
A), the LOWESS regression line (in red) deviated upwards from the reference line 
(in blue) of M=0 in most experiments. This trend was usually found in the high end, 
where the A-value exceeded 12, indicating that there was an intensity-dependent dye 
bias towards Cy5 in most experiments. The only exception is the experiment W2, 
where the regression line deviated downwards. 
Another set of M-A plots was constructed with the data normalized by print-tip 
LOWESS (Appendix VI, column B). In all 20 experiments, the regression line lay on 
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the reference line with no significant deviation. It indicated that the 
intensity-dependent dye bias was corrected by print-tip LOWESS normalization. 
3.3.2 Boxplots 
The boxplot showed the median, the interquartile range, and the outliers of the 
expression data (log ratios) in each print-tip group. In the microarray used in this 
study, there were eight print-tip groups, each of which contained 1200 clones printed 
by one of the eight pins (Fig. 3.1). Referring to the boxplots of the unnormalized data 
(Appendix VI, column C), the medians of some print-tip group stood out from the 
others. Also, print-tip group 2 in the experiment CI and group 8 in C6 had notably 
large variances compared to other experiments. 
Print-tip LOWESS normalization corrected the log ratios so that their means for 
each print-group became zero. The distribution of the log ratios were shown in the 
boxplots of normailized data (Appendix VI，column D). 
3.3.3 Scatterplots 
The scatterplot is a plot of log2(Red) (Cy5-labelled sample) against log2(Green) 
(Cy3-labelled reference), showing the overall picture of the expression data. The 
scatterplots of the 20 experiments were shown in Appendix VII. 
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3.4 Selection of salt responsive genes using fold difference in 
expression 
To select salt responsive genes based on their expression patterns in microarray 
experiments, the 3131 clones that passed through the filters and normalized by 
BRB-ArrayTools were analyzed using fold difference in expression between tolerant 
and sensitive germplasms or between cultivated and wild germplasms. 
3.4.1 Selection of genes with differential expression between tolerant and 
sensitive germplasms 
The clones with a fold difference in expression between tolerant and sensitive 
germplasms larger or equal to 2.5 were sequenced. There were two ways of 
subtraction: 
1. Expression in tolerant germplasms minus expression in sensitive germplasms, or 
2. Expression in sensitive germplasms minus expression in tolerant germplasms. 
No gene was selected in the second subtraction. There was no gene with at least 
2.5-fold higher expression in sensitive germplasms than in tolerant germplasms. 
Therefore, only the first subtraction (tolerant minus sensitive) was considered in the 
following comparisons. 
Concerning only cultivated germplasms (CT minus CS; CT: C1-C5, CS: 
C6-C10), 85 clones had the average expression in tolerant germplasms higher than 
that in sensitive germplasms in at least 2.5 fold, ranging from 2.5 fold to about 7 fold. 
The clones represented 52 individual genes, excluding those 
1. with no good sequence information, or 
2. with no homologous sequence in GenBank. 
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This criterion was applicable to all subsequent comparisons. In the 52 genes, 
over 30% (16 genes) were homologues of unknown or hypothetical proteins from V. 
vinifera. Only two of them were from G max. The second large group was 
metabolism-related genes, which accounted for 12 genes including the frequently 
found chlorophyll a/b-binding protein, photosystem proteins, RUBISCO, cytochrome, 
chalcone reductase, and dihydroflavonol reductase. Other significant genes included 
cafFeoyl-CoA 0-methyltransferase for lignin biosynthesis (Martz et al.’ 1998)， 
thioredoxin for redox regulation (Gelhaye et al., 2005), and several stress-related 
genes having been identified in libraries E and I {PR-5, RD22, glutathione peroxidase, 
phototropin, and universal stress protein). 
Referring the expression profiles in wild germplasms (WT minus WS; WT: 
W1-W5, WS: W6-W10), there were 13 clones, representing only 8 genes, with at 
least 2.5 fold difference in the expression. Five of the clones (ribosomal protein 
SI SAD, NAC2, cinnamoyl-CoA reductase, dihydroflavonol reductase, and an 
unnamed protein from V vinifera) have been identified in the said comparison 
concerning cultivated germplasms (CT minus CS). The remaining three unique genes 
were maturation protein PM37, peptidase S24, acid phosphatase. 
When the expression profiles in all tolerant germplasms (C1-C5, W1-W5) were 
contrasted with those in all sensitive ones (C6-C10, W6-W10), expressions of 18 
clones, which represented 13 genes, were found to be at least 2.5-fold higher in 
tolerant germplasms. Surprisingly, all 13 genes were present in the comparison 
concerning cultivated germplasms. Four of them (ribosomal protein SI SAD, NAC2, 
cinnamoyl-CoA reductase, dihydroflavonol reductase, and an unnamed protein from 
V vinifera) were selected in all three comparisons. 
In total, 97 clones, representing at least 55 unique genes, were found to have a 
higher expression (>2.5 fold difference) in tolerant germplasms than in sensitive 
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germplasms. Eighteen genes overlapped in the gene lists of libraries E and I. Other 
than the genes related to photosynthesis and respiration, the 18 genes found in both 
approaches included PR-5, RD22, glutathione peroxidase, NAC2, calmodulin-binding 
protein, and S0S2-like protein kinase. It suggested that these genes be particularly 
important in salt stress response. Categorization of the clones found in the three 
comparisons (CT minus CS, WT minus WS, and T minus S) was shown in Table 3.6 
Overlapping genes were listed in Table 3.7 and their numbers were shown in the 
Venn diagrams in Fig. 3.1. Detailed information of the clones listed in Appendix VII. 
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Table 3.6 Identification and categorization of the clones with higher expression (>2.5 
fold) in tolerant germplasms than in sensitive ones. The clones in the groups "No 
homology" and "Unknown" were not included in the number of genes. 
(a) CT minus CS (85 clones; 52 genes) 
I. Response to stress (9 clones; 6 genes) 
A. Response to salt stress (1 clone; 1 gene) 
• PR-5 protein (1 clone) 
B. Response to desiccation (3 clones; 1 gene) 
• RD22-like protein (3 clones) 
C. Response to oxidative stress (3 clones; 2 gene) 
• Glutathione peroxidase (2 clone) 
• Thioredoxin (1 clone) 
D. Response to other stress (2 clones; 2 genes) 
• Phototropin (1 clone) 
• Putative universal stress protein (1 clone) 
II. Gene expression (6 clones; 6 genes) 
A. Transcription regulation (1 clone; 1 gene) 
_ NAC domain protein NAC2 (1 clone) 
B. Post-transcriptional regulation (1 clone; 1 gene) 
• DEAD-box helicase (1 clone) 
C. Translation regulation (4 clones; 4 gene) 
• 40S ribosomal protein S7-like protein (1 clone) 
• 60S acidic ribosomal protein PO (1 clone) 
. A T R P S 5 B (Ribosomal protein 5B) (1 clone) 
• RPS15AD (ribosomal protein S15AD) (1 clone) 
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III. Molecular function (9 clones; 8 genes) 
A. Protein modification (2 clones; 2 genes) 
• Cysteine proteinase inhibitor (1 clone) 
• Ran binding protein (1 clone) 
B. Signal transduction (6 clones; 5 genes) 
28 kDa protein (2 clones) 
Calmodulin-binding family protein (1 clone) 
Calpain / cysteine-type endopeptidase (1 clone) 
GTP-binding protein (1 clone) 
S0S2-like protein kinase (1 clone) 
C. Transport (1 clone; 1 gene) 
• Nitrate and chloride transporter (1 clone) 
IV. Metabolic activity (24 clones; 12 genes) 
A. Photosynthesis (11 clones, 7 genes) 
Auxin-induced putative CP 12 domain-containing protein (1 clone) 
Chlorophyll a/b-binding protein (4 clones) 
Photosystem I subunit VIII (1 clone) 
Photosystem II 5 kD protein (1 clone) 
Photosystem II oxygen evolving complex protein 2 precursor (1 clone) 
Photosystem II reaction center Z protein (1 clone) 
Ribulose-1,5-bisphosphate carboxylase/oxygenase activase (2 clones) 
B. Respiration (2 clones; 2 genes) 
• Cytochrome b6/f complex subunit (petM) (1 clone) 
• Cytochrome b6/f complex subunit 4 (1 clone) 
C. Carbohydrate metabolism (1 clone; 1 gene) 
• Transaldolase-like protein (1 clone) 
D. Secondary metabolism (10 clones; 2 genes) 
• Chalcone reductase (3 clones) 
• Dihydroflavonol reductase (7 clones) 
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V. Cellular component (6 clones; 4 genes) 
A. Cell wall modification (4 clones; 2 genes) 
• Caffeoyl-CoA 0-methyltransferase (1 clone) 
• Putative cinnamoyl-CoA reductase (3 clones) 
B. Cytoskeleton (1 clone; 1 gene) 
• Beta-tubulin (1 clone) 
C. Retrotransposon (1 clone; 1 gene) 
• Retrotransposon protein (1 clone) 
VI. Unknown / hypothetical protein (31 clones; 16 genes) 
A. Unknown / hypothetical protein (16 clones; 16 genes) 
B. No homology (7 clones) 
C. Unknown (8 clones) 
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(b) WT minus WS (13 clones; 8 genes) 
Response to stress (1 clone; 1 gene) 
A. Response to desiccation (1 clone, 1 clone) 
• Maturation protein PM3 (1 clone) 
II. Gene expression (2 clones; 2 genes) 
A. Transcription regulation (1 clone; 1 gene) 
• NAC domain protein NAC2 (1 clone) 
B. Translation regulation (1 clone; 1 gene) 
• RPS15AD (ribosomal protein S15AD) (1 clone) 
III. Molecular function (2 clones; 2 genes) 
A. Protein modification (1 clone; 1 gene) 
• Peptidase S24-like (1 clone) 
B. Signal transduction (1 clone; 1 gene) 
• Acid phosphatase-like protein (1 clone) 
IV. Metabolic activity (2 clones; 1 gene) 
A. Secondary metabolism (2 clones; 1 gene) 
• Dihydroflavonol reductase (2 clones) 
V. Cellular component (1 clone; 1 gene) 
A. Cell wall modification (1 clone; 1 gene) 
_ Cinnamoyl-CoA reductase (1 clone) 
VI. Unknown I hypothetical protein (5 clones; 1 gene) 
A. Unknown / hypothetical protein (1 clone; 1 gene) 
B. No homology (3 clones) 
C. Unknown (1 clone) 
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(c) T minus S (18 clones; 13 genes) 
Response to stress (1 clone; 1 gene) 
A. Response to desiccation (1 clone; 1 gene) 
• RD22-like protein (1 clone) 
II. Gene expression (1 clone; 1 gene) 
A. Translation regulation (1 clone; 1 gene) 
• RPS15 AD (ribosomal protein S15 AD) (1 clone) 
III. Molecular function (2 clones; 2 genes) 
A. Protein modification (1 clone; 1 gene) 
• Cysteine proteinase inhibitor (1 clone) 
B. Transporter (1 clone; 1 gene) 
• Nitrate and chloride transporter (1 clone) 
IV. Metabolic activity (5 clones; 3 genes) 
A. Photosynthesis (2 clones; 1 gene) 
• Chlorophyll a/b-binding protein (2 clones) 
B. Carbohydrate metabolism (1 clone; 1 gene) 
• Transaldolase-like protein (1 clone) 
C. Secondary metabolism (2 clones; 1 gene) 
• Dihydroflavonol reductase (2 clones) 
V. Cellular component (2 clones; 2 genes) 
A. Cell wall modification (2 clones; 2 genes) 
• CafFeoyl-CoA O-methyltransferase (1 clone) 
• Cinnamoyl-CoA reductase (1 clone) 
VI. Unknown / hypothetical protein (7 clones; 4 genes) 
A. Unknown / hypothetical protein (4 clone; 4 gene) 
B. Unknown gene (2 clones) 
C. Unknown (1 clone) 
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Table 3.7 Overlapping genes between different comparisons, 
(a) Between “CT minus CS" and "WT minus WS" (5 genes) 
Gene description (blastx) Category 
RPS15AD (ribosomal protein SI SAD) Translation regulation 
NAC domain protein NAC2 Transcription regulation 
Cinnamoyl-CoA reductase Cell wall modification 
Dihydroflavonol reductase Secondary metabolism 
Unnamed protein product (CA064359) Unknown protein 
(b) Between "CT minus CS" and "T minus S，’（13 genes) 
Gene description (blastx) Category 
RD22-like protein Response to desiccation 
RPS15AD (ribosomal protein S15AD) Translation regulation 
Cysteine proteinase inhibitor Protein modification 
Nitrate and chloride transporter Transport 
Chlorophyll a/b-binding protein Photosynthesis 
Transaldolase-like protein Carbohydrate metabolism 
Dihydroflavonol reductase Secondary metabolism 
Caffeoyl-CoA 0-methyltransferase Cell wall modification 
Cinnamoyl-CoA reductase Cell wall modification 
Hypothetical protein MtrDRAFT_AC 137065g20v2 Hypothetical protein 
Unnamed protein product (CA015876) Unknown protein 
Unnamed protein product (CA021522) Unknown protein 
Unnamed protein product (CA064359) Unknown protein 
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(c) Between "WT minus WS" and “T minus S”（4 genes) 
Gene description (blastx) Category 
RPS15AD (ribosomal protein SI SAD) 
Dihydroflavonol reductase 
Cinnamoyl-CoA reductase 
Unnamed protein product (CA064359) 
Translation regulation 
Secondary metabolism 
Cell wall modification 
Unknown protein 
These are also the four overlapping genes among all three comparisons. 
8 6 
(d) Between the genes with differential expression (>2.5-fold) and those from 
subtraction libraries E and I. (18 genes) 
Gene description (blastx) Category 
PR-5 protein Response to salt stress 
RD22-like protein Response to desiccation 
Glutathione peroxidase 1 Response to oxidative stress 
NAC domain protein NAC2 Transcription regulation 
40S ribosomal protein S7-like protein Translation regulation 
Calmodulin-binding family protein Signal transduction 
S0S2-like protein kinase Signal transduction 
Auxin-induced putative CP 12 domain-containing Photosynthesis 
protein 
Chlorophyll a/b-binding protein Photosynthesis 
Photosystem II reaction center Z protein Photosynthesis 
Ribulose-1,5-bisphosphate carboxylase/oxygenase Photosynthesis 
activase 
Cytochrome b6/f complex subunit 4 Respiration 
Cytochrome b6f complex subunit (petM) Respiration 
Chalcone reductase homologue Secondary metabolism 
Dihydroflavonol reductase Secondary metabolism 
Cinnamoyl-CoA reductase Cell wall modification 
Beta-tubulin Cytoskeleton 












cultivated tolerant (C1-C5) minus cultivated sensitive (C6-C10) 
wild tolerant (W1-W5) minus wild sensitive (W6-W10) 
tolerant (C1-C5, W1-W5) minus sensitive (C6-C10，W6-W10) 
Fold-difference analysis 
(55 genes) 
Libraries E and I 
(242) 
Fig. 3.1 Venn diagrams of different comparisons: (a) the 55 salt responsive genes (a 
fold difference in expression between tolerant and sensitive germplasms larger or 
equal to 2.5) revealed in different comparing groups and (b) the overlapping genes 
between the 55 genes from the fold-difference analysis and the genes from 
subtraction libraries E and I (section 3.2). Numbers in each circle represents the 
number of genes selected in a particular comparing group. Numbers in intersections 
of two or three circles represent the numbers of clones selected in either two or all of 
the three comparing groups (i.e. the overlapping genes). 
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3.4.2 Selection of genes with differential expression between cultivated and 
wild germplasms 
As the cultivated and wild germplasms are believed to evolve independently, 
they may have different responses to salt stress. To investigate the difference in 
expression between these two germplasm groups, the genes with a fold difference in 
expression between cultivated and wild germplasms larger or equal to a particular 
threshold were selected. Similar to section 3.4.1, there were two ways of subtraction: 
1. Expression in cultivated germplasms minus expression in wild germplasms, or 
2. Expression in wild germplasms minus expression in cultivated germplasms. 
In the first way of subtraction, the threshold of fold difference was 2.5, which 
was consistent with that in section 3.4.1. Nine clones were found to have higher 
expression (ranging from 2.5- to 3.6-fold) in cultivated germplasms than in wild 
germplasms. The nine clones represented nine genes. Five of them showed high 
homology to the genes from G. max in GenBank, including a cationic peroxidase, 
S0S2-like protein kinase, acetyl-CoA carboxylase carboxyltransferase beta subunit, 
dihydroflavonol reductase, and an envelope membrane protein (CemA). Four genes 
have not been identified in previous analyses: cationic peroxidase, initiation factor 
eIF5-A, ribosomal protein S3，and an envelope membrane protein (CemA). 
In the second way of subtraction, a threshold of 2.5-fold yielded no gene. The 
threshold was then reduced to 1.8-fold and 15 clones were found. These clones had 
higher expression (ranging from 1.8- to 2.1-fold) in wild germplasms than in 
cultivated germplasms. Eleven genes were identified, including a G max homologue 
of Sali3-2 (putatively aluminium tolerant, also found in subtraction library I), RD2, 
and a magnesium transporter. 
Functional categorization of the clones found by the two ways of subtraction 
was shown in Table 3.8 and their Information was listed in Appendix VII. 
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Table 3.8 Identification and categorization of the clones with differential expression 
between cultivated and wild germplasms. 
(a) Expression in cultivated germplasms minus expression in wild germplasms 
Gene description (blastx) Category 
Prx2 cationic peroxidase 2 Response to oxidative stress 
S0S2-like protein kinase Signal transduction 
Initiation factor eIF5-A Translation regulation 
Putative ribosomal protein S3 Translation regulation 
Ribulose-1，5-bisphosphate carboxylase/oxygenase Photosynthesis 
activase 
Acetyl-CoA carboxylase carboxyltransferase beta Lipid metabolism 
subunit 
Dihydroflavonol reductase Secondary metabolism 
CemA envelope membrane protein Membrane 
Hypothetical protein NitaMp073 Hypothetical protein 
(b) Expression in wild germplasms minus expression in cultivated germplasms 
Gene description (blastx) Category 
Magnesium transporter CorA-like family protein Transporter 
Plastocyanine Photosynthesis 
ATP synthase CFl beta subunit Respiration 
Acetyl-CoA carboxylase carboxyltransferase Lipid metabolism 
No homology No homology 
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3.4.3 Data validation by real-time PCR analysis 
A total of 22 genes were chosen for validation. Nineteen of them were selected 
from the 55 genes with at least 2.5-fold difference in expression between tolerant and 
sensitive germplasms. The remaining three, namely GmDNJl, GmPAPS, and 
GmSOSl, were salt-inducible genes being studied in our laboratory. These three 
genes may act as indicators of the salt stress response in the plants used in real-time 
PCR analysis. Mixed cDNA from each germplasm group (CS, CT, WS, WT; refer to 
section 2.2.1.8), in addition to a pooled cDNA sample from all the 20 germplasms, 
were used in the experiment. 
The 19 genes were chosen from all of the six functional categories except the 
"unknown / hypothetical protein". The candidates included stress-related proteins, 
(e.g. RD22, glutathione peroxidase, thioredoxin, and universal stress protein) acid 
phosphatase, enzymes for lignin (caffeoyl-CoA 0-methyltransferase) and 
anthocyanin (dihydroflavnol reductase) synthesis, proteinases, signal transducers, 
and transporter. Real-time PCR analysis indicated that most of them (16 out of 19) 
had higher expression in tolerant germplasms than in sensitive ones, which coincided 
with the previous analysis using fold difference in expression. Proteinases and signal 
transducers like Ran binding protein, S0S2-like protein kinase, calpain / 
cysteine-type endopeptidase, and cysteine proteinase inhibitor had particularly high 
expression in tolerant germplasms. 
The three genes with lower expression in tolerant germplasms were a 28 kDa 
protein (with acid phosphatase B converved domain), a dihydroflavnol reductase, 
and a DEAD-box helicase. The results of data validation were summarized in Table 
3.9(a). 
Real-time PCR using the same plant materials were performed on the three 
salt-inducible genes, GmDNJl’ GmPAPS, and GmSOS. As shown in Table 3.9(b), the 
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three genes showed higher expression in tolerant germplasms than in sensitive 
germplasms in various comparisons (CT minus CS, WT minus WS, and T minus S). 
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Table 3.9 Log differences between the expressions in tolerant and in sensitive 
germplasms revealed by cDNA microarray and/or real-time PGR analysis. 
(a) Twenty salt stress correlation genes with >2.5-fold difference between tolerant 
and sensitive germplasms (CT - CS, WT - WS, T - S ) 
Unique ID Gene description (blastx) 
Log2 difference 丨 

















Nitrate and chloride transporter 2.000 
CP12 domain-containing protein 1.583 
28 kDa protein 2.178 
Glutathione peroxidase 1 1.805 
Ran binding protein 1.432 
Phototropin 1.722 
S0S2-like protein kinase 1.973 
RD22-like protein 2.384 
Calpain / cysteine-type endopeptidase 2.083 
Dihydroflavonol reductase 1.879 
Transaldolase-like protein 2.797 
DEAD-box helicases 1.514 
Putative universal stress protein 2.026 
Cysteine proteinase inhibitor 2.046 
GTP-binding protein 2.225 
1.488 VI-14-B12 Thioredoxin 
0.261 士 0.135 t 
0.190 士 0.142 t 
-0.659士0.086 i 
0.474士 0.159 t 
0.738±0.122 T 
0.161 士 0.124 t 
1.012 士 0.061 t 
0.299土0.093 t 
1.360士 0.168 t 
-0.259±0.071 i 
1.192±0.088 t 
-0.934士 0.156 i 
0.928士 0.114 t 
0.688士 0.146 t 
0.162 士0.084 t 
0.247土 0.119 t 
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fVT- fVS^ 
G-8-F1 Dihydroflavonol reductase 
K-13-E3 Peptidase S24-like 
K-5-A2 Acid phosphatase-like protein 









A-l-Bl Caffeoyl-CoA O-methyltransferase 1.323 t 0.478±0.395 
A-1-B4 Nitrate and chloride transporter 1.570 T 0.441 土 0.288 
C-16-B5 RD22-like protein 1.355' t 0.453 土 0.379 
G-13-G2 Transaldolase-like protein 1.608 T 1.572. 士 0.279 
G-8-F1 Dihydroflavonol reductase 1.611 T 0.013 土 0.225 
K-15-E11 Cysteine proteinase inhibitor 1.327 T 0.986士 0.259 
(b) GmDNJl, GmPAP3, and GmSOSl 
Gene 
Log2 difference in real-time PCR 丨 
C T - C S W T - W S - s 
GmDNJl 0.450士 0.138 t 
GmPAPS 0.306±0.142 j 
GmSOSl 2.509士 0.061 t 
0.272士 0.128 t 
0.297士0.066 r 
2.142 士 0.100 t 
0.522士0.373 t 
0.316士0.299 t 
2.411 ±0.449 T 
a. Representation of the germplasm groups: CT = cultivated, tolerant; CS = cultivated, 
sensitive; WT = wild, tolerant; WS = wild, sensitive; T = tolerant; S = sensitive. 
b. Log2 difference in microarray: difference in log2 (Cy5/Cy3) 
c. Log2 difference in real-time PCR: - (difference in ACT) 士 pooled standard 
deviation derived from at least three replicates. 
d. T: higher expression in tolerant germplasms; lower expression in tolerant 
germplasms; no conclusion 
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3.5 Selection of salt responsive genes using statistical tools 
3.5.1 Quantitative trait analysis for salt responsive genes 
Quantitative trait analysis was used to identify the genes with the expression 
patterns correlated to salt stress. The 20 soybean germplasms, of which the cDNAs 
were used in the microarray experiments, were classified into four germplasm groups 
based on their origins (cultivated or wild) and tolerance levels against salt stress 
(tolerant or sensitive): 
1. C - a l l cultivated (CI, C2, C3, C4, C5, C6, C7, C8，C9, CIO) 
2. W - all wild (Wl, W2, W3, W4, W5, W6, W7, W8, W9, WIO) 
3. T - all tolerant (CI, C2, C3, C4, C5, W1,W2, W3, W4, W5) 
4. S - all sensitive (C6, C7, C8, C9, CIO, W6, W7, W8, W9, WIO) 
5. CT — cultivated, tolerant (CI，C2, C3, C4, C5) 
6. CS - cultivated, sensitive (C6, C7，C8, C9, CIO) 
7. WT - wild, tolerant (W1,W2, W3, W4, W5) 
8. WS - wild, sensitive (W6, W7, W8, W9, WIO) 
The ten quantitative traits were formed by different combinations of the four 
germplasm groups: 
The first two quantitative traits are the comparison based on the origin and 
tolerance level against salt stress respectively (CvsW as cultivated versus wild; SvsT 
as sensitive versus tolerant). 
The next four quantitative traits (CSvsCT, WSvsWT, CSvsWS, and CTvsWT) 
involve the comparison between two of the germplasm types. 
For the last four quantitative traits (CSvsO, CTvsO，WSvsO, and WTvsO), one 
germplasm type was picked and compared with all other germplasms. 
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Each quantitative trait consists of two comparing groups labelled as 1 and 0 
(Table 3.10). The clones with different expression patterns among the two comparing 
groups were selected as salt stress correlation genes. The description of the 
quantitative traits was shown in Table 3.11. 
Under a highly stringent condition (/'<0.001), only 57 clones were selected and 
they are not enough for cluster and classification analysis (data not shown). A lower 
stringency (户<0.002) resulted in 113 clones. Cluster analysis revealed that this larger 
group of correlation genes were unable to classify the salt-tolerant and salt-sensitive 
germplasms (data not shown), showing that the low stringency of P<0.002 might not 
be suitable for generating a liable correlation gene list. A stringency of P<0.0015 was 
then used and 87 clones were selected (Table 3.10). More than one-third of the 
clones came from the comparing scheme CSvsO (C6-C10 vs. all the others). About 
half of the remaining clones came from CvsW (CI-CIO vs. Wl-WlO) and WTvsO 
(Wl-WlO vs. all the others). The stringency of P<0.0015 then was chosen due to the 




























































































































Table 3.11 Results of quantitative trait analysis (尸<0.0015) for salt stress correlation 
genes by BRB-ArrayTools. 
Quantitative trait Description No. of clones 
CvsW Cultivated vs. Wild 17 
SvsT Sensitive vs. Tolerant 5 
CSvsCT Cultivated, sensitive vs. Cultivated, tolerant 4 
WSvsWT Wild, sensitive vs. Wild, tolerant 4 
CSvsWS Cultivated, sensitive vs. Wild, sensitive 5 
CTvsWT Cultivated, tolerant vs. Wild, tolerant 7 
CSvsO Cultivated, sensitive vs. Others 32 
CTvsO Cultivated, tolerant vs. Others 4 
WSvsO Wild, sensitive vs. Others 3 
WTvsO Wild, tolerant vs. Others 18 
To compare the expression patterns in cultivated and wild germplasms, 
quantitative trait analysis with the comparing schemes CSvsCT (selecting salt 
responsive genes in cultivated germplasms) and WSvsWT (selecting salt responsive 
genes in wild germplasms) at significant levels from 户<0.001 to P<0.05 was 
performed. 
The numbers of clones in cultivated and wild germplasms at different 
significant levels were shown in Table 3.12. At P<0.001, all of the clones selected by 
quantitative trait analysis have been found in the 87-clone list. When the significant 
level rose from P<0.005 to P<0.05, the number of clones and the proportion of 
newly found correlation genes increased. 
Venn diagrams in Fig. 3.2 displayed the comparison between the salt stress 
response in cultivated and wild germplasms. There was no overlap in the correlation 
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genes at P<0.001, P<0.005 and P<0.01. When the significant level was increased to 
户<0.01 and P<0.05, at most nine correlation genes were selected in both cultivated 
and wild germplasms. Seven of the nine clones overlapped with the 87 clones 
Table 3.12 Numbers of clones identified as salt stress correlation genes within 
cultivated and wild germplasms selected by quantitative trait analysis at different 
significant levels. The number in brackets represented the number of clones not 
found in the 87-correlation-gene list. 
Significant level P <0.001 P <0.005 P<0.01 P <0.025 P<0.05 
Cultivated (CSvsCT) 4(0) 14(2) 28(14) 89 (60) 189(149) 
Wild (WSvsWT) 4(0) 9(4) 35 (24) 82 (62) 189(162) 
Total 8(0) 23 (6) 63 (38) 168 (122) 369 (311) 
Cultivated germplasms (CSvsCT) 
Wild germplasms (WSvsWT) 
P <0.001 P <0.005 P<0.01 
P <0.025 P <0.05 
Fig. 3.2 Venn diagrams comparing salt stress response in wild and cultivated 
germplasms. The number in each circle represents the number of clones selected by 
quantitative trait analysis using comparing scheme CSvsCT (salt stress correlation 
genes in cultivated germplasms) or WSvsWT (salt stress correlation genes in wild 
germplasms). The number in the intersection of two circles represented the number 
of clones differentially expressed in both cultivated and wild germplasms. 
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3.5.2 Identification of salt stress correlation genes 
The 87 correlation genes selected by quantitative trait analysis at ^<0.0015 and 
was sequenced and identified using BLASTN，BLASTX, and EST databases in 
GenBank. The 87 clones were classified into five categories and 21 sub-categories 
according to their known or putative functions (Table 3.13). The clones represented 
at least 61 individual genes, excluding those in the groups "No homology" and 
"Unknown". When compared to the two previous methods (selection of clones using 
subtraction libraries and using fold difference in expression), quantitative trait 
analysis revealed a larger number (23%; 14 out of 61 genes) of genes involved in 
transcription and translation machineries. Except NAC2 and ribosomal proteins, the 
genes have not been identified in previous analysis. The second large group was the 
metabolism-related genes (20%; 12out of 61 genes), including the frequently found 
chlorophyll a/b-binding protein, RUBISCO, and cytochrome. Interestingly, one clone 
was homologous to a senescence-associated tobacco gene Ntdin, which were 
inducible in dark, or by nitrogen, phosphorous, or sulphur starvation (Yang et al.， 
2003). Some stress-related genes, such as RD22, glutathione peroxidase, thaumatin, 
and universal stress protein, identified in previous analysis were also present. Other 
important candidates included two genes with chaperone or co-chaperone domains 
(prefoldin and seed maturation protein PM37) and a few signal transducers (acid 
phosphatase, G protein-coupled receptor, and protein phosphatase 2C. Detailed 
information of the sequenced clones including gene descriptions and GenBank 
accession numbers was shown in Appendix VIII. 
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Table 3.13 Identification and categorization of the 87 correlation genes selected by 
quantitative trait analysis. The clones in the groups "No homology" and "Unknown" 
were not included in the number of genes. 
I. Response to stress (9 clones; 7 genes) 
A. Response to salt stress (2 clones; 1 gene) 
• PR-5 protein (2 clones) 
B. Response to desiccation (1 clone; 1 gene) 
. R D 2 2 - l i k e protein (1 clone) 
C. Response to oxidative stress (2 clones; 1 gene) 
• Glutathione peroxidase 1 (2 clones) 
D. Response to other stress (4 clones; 4 genes) 
• Putative thaumatin-like protein (1 clone) 
• SI-3 (virus inducible, BURP domain-containing protein) (1 clone) 
• Universal stress protein (1 clone) 
• Unknown protein (similar to plant disease resistance proteins) (1 clone) 
II. Gene expression (15 clones; 14 genes) 
A. Nucleic acid binding (3 clones; 3 genes) 
• 8-oxoguanine DNA-glycosylase (1 clone) 
-Methy laden ine glycosylase (1 clone) 
• OSJNBb0017I01.21 (DNA mismatch repair MUTS family) (1 clone) 
B. Transcription regulation (4 clones; 4 genes) 
• BTB/POZ domain-containing protein (1 clone) 
. R A P 2 . 4 (1 clone) 
• Timing of CAB expression 1 protein (1 clone) 
• Zinc finger protein (1 clone) 
C. Post-transcriptional regulation (2 clones; 2 genes) 
• DEAD-box RNA helicase (1 clone) 
• RNA binding protein (1 clone) 
D. Translation regulation (6 clones; 5 genes) 
40S ribosomal protein S15 A (2 clones) 
NAC domain protein NAC2 (1 clones) 
Ribosomal protein L33 (1 clone) 
Ribosomal protein S7-like protein (1 clone) 
Translation initiation factor eIF5-A (1 clone) 
III. Molecular function (13 clones; 10 genes) 
A. Chaperone activity (2 clones; 2 genes) 
• Prefoldin (1 clone) 
• Seed maturation protein PM37 (1 clone) 
B. Protein modification (6 clones; 4 genes) 
• Binding protein (1 clone) 
• FtsH-like protein precursor (1 clone) 
• Multicatalytic endopeptidase complex (1 clone) 
• Ubiquitin carrier protein (3 clones) 
C. Signal transduction (5 clones; 4 genes) 
• Acid phosphatase-like protein (1 clone) 
• Centrin (1 clone) 
• G protein-coupled receptor-like protein (1 clone) 
• Protein phosphatase 2C (2 clones) 
IV. Metabolic activity (14 clones; 12 genes) 
A. Photosynthesis (8 clones; 6 genes) 
Chlorophyll a/b binding protein (1 clone) 
Photosystem II 5kD protein (1 clone) 
Plastocyanine (2 clones) 
PsbP-like protein (1 clone) 
Ribulose-1,5-bisphosphate carboxylase/oxygenase activase (1 clone) 
Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (2 clones) 
B. Respiration (3 clones; 3 genes) 
• Aldehyde dehydrogenase 1 precursor (1 clone) 
• Cytochrome b6/f complex subunit (1 clone) 
• NAD(P)H:Plastoquinone dehydrogenase complex subunit 0 (1 clone) 
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C. Nitrogen metabolism (1 clone; 1 gene) 
• Ntdin (1 clone) 
D. Secondary metabolism (1 clone; 1 gene) 
• Putative 4-coumarate-CoA ligase (1 clone) 
E. Hormone production (1 clone; 1 gene) 
• 1 -aminocyclopropane-1 -carboxylic acid oxidase (for ethylene synthesis) 
(1 clone) 
V. Cellular component (14 clones; 8 genes) 
A. Cell wall modification (10 clones; 5 genes) 
Cell wall-associated hydrolase (1 clone) 
Cinnamoyl-CoA reductase (6 clones) 
Peptidoglycan-binding LysM domain-containing protein (1 clone) 
Putative cellulose synthase (1 clone) 
Unnamed protein product (putative peptidoglycan binding) (1 clone) 
B. Membrane (1 clone; 1 gene) 
• Hydrophobic seed protein precursor-like protein [Glycine max] (1 clones) 
C. Retrotransposon (3 clones; 2 genes) 
• gag/pol polyprotein (1 clones) 
• Retrotransposon protein (2 clones) 
VI. Unknown / hypothetical protein (22 clones; 10 genes) 
A. Unknown / hypothetical protein (11 clones; 10 genes) 
B. No homology (6 clones) 
C. Unknown (5 clones) 
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3.5.3 Cluster analyses 
The 20 experiments (20 samples) and the 87 clones (61 genes) selected from 
quantitative trait analysis at P<0.0015 were clustered according to the expression 
profiles of the 87 clones. 
3.5.3.1 Clustering genes 
Hierarchical clustering of the 87 clones (61 genes) was shown as a dendrogram 
(Fig. 3.3(a)). The log ratios of Cy5 and Cy3 (log2[Cy5/Cy3]) of the clones in each 
experiment were presented in the image plot (Fig. 3.3(b))，with the row representing 
the genes and the column the experiments. The order of experiments was based on 
the cluster analysis of the experiments (Fig. 3.4) and the experiments were labelled 
as CT, CS, WT, and WS. The colour scale was shown below the plot: red represented 
over expression ([Cy5/Cy3]>l) and green represented under expression 
([Cy5/Cy3]<l). 
The dendrogram was cut into seven clusters and the results were presented in 
the median image plot (Fig. 3.3(c)) and the profile lineplots (Fig. 3.3(d)). The median 
image plot, created with the same data as in the image plot, showed the median log 
ratio of the clones in each cluster instead of individual clones. The profile lineplots 
for the seven clusters were the graphical representation of the data in the image plot. 
Referring to Fig 3.3, the genes in cluster #1 were under-expressed in cultivated, 
sensitive germplasms (C6-C10) and over-expressed in wild, tolerant germplasms. 
Those in cluster #2 were over-expressed in wild germplasms (Wl-WlO) and 
under-expressed in cultivated germplasms (CI-CIO). In cluster #3，the genes were 
over-expressed in cultivated, sensitive germplasms and under-expressed in wild, 
tolerant germplasms (W1-W5). Expression in the genes in cluster #4 fluctuated in 
cultivated germplasms and over-expressed in wild, tolerant germplasms. The genes 
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in cluster #5 were over-expressed in sensitive germplasms (C6-C10, W6-W10) and 
under-expressed in wild, tolerant germplasms. 
The expression patterns of the genes in clusters #6 and #7 were similar. The 
genes in cluster #6 were over-expressed in cultivated, tolerant germplasms (C1-C5) 
and under-expressed in wild, tolerant germplasms. In cluster #7，the genes were 
over-expressed in cultivated germplasms and under-expressed in wild germplasms. 
The expression patterns of the seven clusters were summarized in Table 3.14. 
Information of the clones in each cluster can be referred to Appendix VIII. 
Table 3.14 The expression patterns of the seven clusters of the 87 correlation genes 
selected by quantitative trait analysis (P<0.0015). 









#1 19 * Down (——) U p � * 
#2 22 Down (-) Down (-) U p � U p � 
#3 24 * U p � Down (-) • 
#4 4 氺 • Up (+ +) Down (——) 
#5 3 • * Down (-) U p � 
#6 8 Up (+ +) • Down (-) • 
#7 7 U p � U p � Down (-) Down (-) 
*: no significant change in expression; Up: up-regulated expression; Down: 
down-regulated expression; (-): ratio between 0 and 1/2;(——):ratio between 1/2 and 
1/4; (+) ratio between 0 and 2; (+ +): ratio between 2 and 4. 
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Fig. 3.3 Cluster analysis of genes: (a) the dendrogram of clustering genes (the red 
line as the cutting line separating the seven clusters); (b) the image plot showing the 
correlation (calculated by using one minus Pearson (centered) correlation as the 
distance metric), the cluster numbers, and the log ratios (log2[Cy5/Cy3]) of the 87 
correlation genes in each experiment (CT: cultivated tolerant; CS: cultivated 
sensitive; WT: wild tolerant; WS: wild sensitive) represented by red and green 
colours as shown in the scale below the plot; (c) the median image plot showing the 
median of log ratios of all clones in each cluster, using the same colour scale as in (b); 
(d) the profile lineplots of the seven clusters showing the same data as in (c). 
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3.5.3.2 Clustering samples 
The 20 experiments (20 samples), each of which involved one germplasm, were 
clustered by using the expression profiles of the 87 clones (correlation genes at 
P<0.0015 selected by quantitative trait analysis) in the 20 experiments. The 
robustness (R) index and the discrepancy (D) index from the reproducibility test (JSf = 
10000) in BRB-ArrayTools were used for assessing the reproducibility of the clusters 
(McShane et al.’ 2002). The dendrograms and the two indices for each dendrogram 
were shown in Fig. 3.4 and Table 3.14 respectively. 
In the first cluster analysis, all 20 experiments were involved. The dendrogram 
in Fig 3.4(a) showed two large groups (A and B), separating the cultivated 
germplasms from the wild ones. The R-'mdex and the D-index were 1 and 0 
respectively, showing that clustering of these two groups were highly reproducible. 
Each of the two groups could be subdivided into two clusters. The first group 
included clusters #1 (cultivated, tolerant) and #2 (cultivated, sensitive) and the 
second one included clusters #3 (wild, tolerant) and #4 (wild, sensitive). The 
i?-indices of clusters #1，#2 and #3 were above 0.8, indicating that the expression 
profiles of the germplasms within each cluster were significantly correlated. The 
relatively low overall reproducibility of the four clusters (7?-index = 0.757, D-index = 
2.570) was due to the relatively low robustness and the large number of omissions in 
the reproducibility test of cluster #4. 
The cultivated and wild germplasms were also clustered separately (Fig. 3.4 (b) 
and (c)). As shown in Table 3.15 (b) and (c)，the reproducibility of the clusters in 
both dendrograms was generally higher than that in the previous clustering. The 
relatively high 7?-indices (>0.8) and low D-indices (<1) implied that without the 
factor of the origin (cultivated or wild) the correlation genes distinguished the 
salt-tolerant germplasms from the salt-sensitive ones more accurately. 
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Fig. 3.4 Cluster analysis of samples: the dendrograms of (a) all 20 samples, (b) 10 
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Table 3.15 The robustness (R) indices and discrepancy (D) indices in cluster analysis. 
(a) Dendrogram of clustering all 20 samples (Fig. 3.4(a)) 
Cluster No. of experiments Robustness Omissions Additions 
Cut at 2 clusters R-inde\ = 1.000 ZMndex: =0.000 
A 10 1.000 0.000 0.000 
B 10 1.000 0.000 0.000 
Cut at 4 clusters 及-index = 0.757 D-index: =2.570 
#1 5 0.940 0.210 0.841 
#2 5 0.777 0.630 0.330 
#3 5 0.831 0.501 0.487 
#4 5 0.460 1.763 0.379 
(b) Dendrogram of clustering ten cultivated samples (Fig. 3.4(b)) 
Cluster No. of experiments Robustness Omissions Additions 
Cut at 2 clusters R-index = 0.886 ZMndex =0.567 
#1 5 0.993 0.045 0.487 
#2 5 0.779 0.581 0.021 
(c) Dendrogram of clustering ten wild samples (Fig. 3.4(c)) 
Cluster No. of experiments Robustness Omissions Additions 
Cut at 2 clusters 及-index = 0.841 D-index =0.914 
#3 5 0.991 0.103 0.544 
#4 5 0.691 1.036 0.145 
3.5.4 Data validation by real-time PCR analysis 
Nine genes from clusters #1 to #6 in cluster analysis of genes were chosen for 
validation. cDNA from the 20 germplasms were mixed according to the comparing 
scheme that selected the candidate genes in quantitative trait analysis. As shown in 
Table 3.16，the expression patterns of the selected genes revealed by real-time PCR 
analysis were consistent with those in quantitative trait analysis. The results were 
satisfactory except for that of seed maturation protein PM37, which the standard 
deviation was large when compared to the Xogi ratio. 
Table 3.16 Log differences between the expressions in two comparing groups 
according to quantitative trait analysis. 
Gene description (blastx) Cluster Comparing scheme Difference in log： ratio 
(result)“ (subtraction)"‘卜 
Plastoquinone dehydrogenase CSvsO (CS<0) -0.130 士 0.031 (CS-0) 
G protein-coupled receptor #1 CSvsO (CS<0) -0.050±0.017(CS-0) 
Thaumatin-like protein #1 CSvsO (CS<0) -0.346±0.063 (CS-0) 
Seed maturation protein PM37 #2 CvsW (C<W) -0.001 土0.117 (C-W) 
Glutathione peroxidase 1 #3 CSvsO (CS>0) 0.361 土0.076 (CS-0) 
RD22-like protein #4 WSvsO (WS<0) -0.403±0.067 (WS-0) 
Acid phosphatase-like protein #4 WSvsWT (WS<WT) -1.246±0.130(WS-WT) 
RNA-binding protein precursor #5 WTvsO (WT<0) -0.356±0.109 (WT-0) 
Cinnamoyl-CoA reductase #6 CSvsWS (CS>WS) 0.179土0.045 (CS-WS) 
a. Representation of the germplasm groups: CS = cultivated, sensitive; WT = wild, 
tolerant; WS = wild, sensitive; C = cultivated; W = wild; O = others. 
b. Log2 difference in real-time PCR: - (difference in ACT) 士 pooled standard 
deviation derived from at least three replicates. 
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3.6 Summary of cDNA microarray analysis 
As mentioned in section 3.2, there were three approaches of identifying salt 
responsive genes from subtraction libraries and cDNA microarray analysis: 
1. Subtraction libraries, 
2. Fold difference analysis, and 
3. Statistical tools - quantitative trait analysis and cluster analysis. 
These approaches revealed different sets of salt responsive genes. Sequence 
analysis of libraries E and I showed 242 genes, nearly 30% of which were related to 
photosynthesis, respiration, and other metabolic activities. About 20% of the genes 
were homologous to unknown or hypothetical proteins from K vinefera’ A. thaliana, 
and G max. The second stage using fold difference in expression disclosed a larger 
proportion of unknown or hypothetical proteins, which accounted for 29% (16 out of 
55 genes) of the total number of genes. Except for the group "Unknown / 
hypothetical protein", the relative abundance of genes in each category revealed by 
these two approaches was similar. Also, as listed in Table 3.17(a), there were 18 
genes present in both approaches. 
Analysis using statistical tools (quantitative trait analysis and cluster analysis) in 
BRE-ArrayTools led to a different list of 61 genes. As compared to the gene lists of 
the first and the second approaches, a larger proportion belonged to the group "Gene 
expression" (23%; 14 out of 61 genes). Many of them were transcription factors and 
ribosomal proteins. More genes related to cell wall modification were also identified, 
too. There were 12 between quantitative trait analysis and the fold-difference 
analysis (Table 3.17(b)) and 23 overlapping genes between quantitative trait analysis 
and the libraries (Table 3.17(c)). The overlapping genes were listed in Table 3.17 and 
their relationship was shown in the Venn diagram in Fig. 3.5. 
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Table 3.17 Overlapping genes among the three approaches. The genes marked with 
asterisks (*) were the nine overlapping genes among the three approaches, 
(a) Between subtraction libraries and fold difference analysis (18 genes) 
Gene description (blastx) Category 
PR-5 protein * Response to salt stress 
RD22-like protein * Response to desiccation 
Glutathione peroxidase 1 * Response to oxidative stress 
NAC domain protein NAC2 Transcription regulation 
40S ribosomal protein S7-like protein * Translation regulation 
Calmodulin-binding family protein Signal transduction 
S0S2-like protein kinase Signal transduction 
Auxin-induced putative CP 12 Photosynthesis 
domain-containing protein 
Chlorophyll a/b-binding protein * Photosynthesis 
Photosystem II reaction center Z protein Photosynthesis 
Ribulose-1,5-bisphosphate Photosynthesis 
carboxylase/oxygenase activase * 
Cytochrome b6/f complex subunit IV * Respiration 
Cytochrome b6f complex subunit (petM) Respiration 
Chalcone reductase Secondary metabolism 
Dihydroflavonol reductase Secondary metabolism 
Cinnamoyl-CoA reductase * Cell wall modification 
Beta-tubulin Cytoskeleton 
Retrotransposon protein * Retrotransposon 
113 
(b) Between fold-difference analysis and quantitative trait analysis (12 genes) 
Gene description (blastx) Category 
PR-5 protein * Response to salt stress 
RD22-like protein * Response to desiccation 
Glutathione peroxidase 1 * Response to oxidative stress 
Universal stress protein Response to other stress 
DEAD-box RNAhelicase Post-transcriptional regulation 
Ribosomal protein S7-like protein * Translation regulation 
Acid phosphatase-like protein Signal transduction 
Chlorophyll a/b binding protein * Photosynthesis 
Ribulose-1,5-bisphosphate Photosynthesis 
carboxylase/oxygenase activase * 
Cytochrome b6/f complex subunit IV * Respiration 
Cinnamoyl-CoA reductase * Cell wall modification 
Retrotransposon protein * Retrotransposon 
(c) Between quantitative trait analysis and subtraction libraries (23 genes) 
Gene description (blastx) Category 
PR-5 protein * Response to salt stress 
RD22-like protein * Response to desiccation 
Glutathione peroxidase 1 * Response to oxidative stress 
Putative thaumatin-like protein Response to other stress 
Sl-3 Response to other stress 
Methyladenine glycosylase Nucleic acid binding 
RAP2.4 Transcription regulation 
114 
Timing of CAB expression 1 protein 
FtsH-like protein precursor 
40S ribosomal protein S15A (RPSlSaF) 
Ribosomal protein L33 
Ribosomal protein S7-like protein * 
Seed maturation protein PM37 
Ubiquitin carrier protein 
Centrin 




carboxylase/oxygenase large subunit 
Cytochrome b6/f complex subunit IV 
Cinnamoyl-CoA reductase * 
Putative cellulose synthase 
Retrotransposon protein * 













Cell wall modification 




Subtraction libraries 2. Fold-difference analysis 
(242 genes) (55 genes) 
3. Quantitative trait analysis 
(61 genes) 
Fig. 3.5 Venn diagrams showing the overlapping genes among the three approaches. 
Numbers in each circle represents the number of genes selected in a particular stage 
of analysis. Numbers in intersections of two or three circles represent the numbers of 
clones selected in either two or all of the three comparing groups (i.e. the 
overlapping genes). 
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Functional categorization of clones identified by different approaches was 
shown below. 
Table 3.18 Summary of functional categorization of salt responsive genes. 
Functional category 
No. of genes * 
Libraries 2.5-fold QTA 
1. Response to stress 23 (10%) 7 (13%) 7 (11%) 
B. Response to salt stress 2 1 1 
C. Response to desiccation 4 2 1 
D. Response to oxidative stress 4 2 1 
E. Response to other stress 13 2 4 
II. Gene expression 42 (17%) 6 (11%) 14 (23%) 
A. Nucleic acid binding 6 
B. Transcription regulation 15 
C. Post-transcriptional regulation 4 
D. Translation regulation 17 
III. Molecular function 50 (21%) 10 (18%) 10 (16%) 
A. Chaperone activity 5 0 2 
B. Phosphatase 1 0 0 
C. Protein modification 14 3 4 
D. Signal transduction 18 6 4 
E. Transport 12 1 0 
IV. Metabolic activity 67 (28%) 12 (22%) 12 (20%) 
A. Photosynthesis 24 7 6 
B. Respiration 13 2 3 
C. Carbohydrate metabolism 7 1 0 
117 
D. Lipid metabolism 
E. Nitrogen metabolism 
F. Secondary metabolism 
G. Hormone production 
V. Cellular component 
A. Cell wall modification 
B. Cytoskeleton 

























VI. Unknown / hypothetical protein 46 (19%) 16 (29%) 10 (16%) 
Total 242 (100%) 55 (100%) 61 (100%) 
* Libraries: sequence analysis on subtraction libraries E and I; 2.5-fold: 
fold-difference analysis; QTA: quantitative trait analysis. Numbers in brackets 
represented the relative abundance of clones (in percentage) belonging to the 
respective functional categories compared to the total numbers of genes. 
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• Libraries E and I 
• Fold-difference analysis 
1 Quantitative trait analysis 
Response to Gene Molecular Metabolic Cellular Unknown or 
stress expression function activity component hypothetical 
protein 
Fig. 3.6 Relative abundance of salt-stress correlation candidates identified by 
different methods. Libraries E and I: sequence analysis on subtraction libraries E and 
I; Fold-difference analysis: identification of genes with higher expression (>2.5-fold) 
in tolerant germplasms than in sensitive ones. 
In quantitative trait analysis, two correlation genes, seed maturation protein 
PM37 (unique ID: I-8-E8; gene cluster: #2) and RD22-like protein (unique ID: 
C-14-H4; gene cluster: #4)，has been identified in soybean by using subtraction 
libraries in a previous work on salt stress in our laboratory. As the two independent 
experiments (cDNA microarray and subtraction library) pointed to these two 
candidates, the two genes were considered important in salt stress response. 
In this project, the clone with high homology to seed maturation protein PM37 
(GenBank accession: mRNA - AF169022; protein 一 AAD51625), which was later 
named as GmDNJl due to its structural similarity to DnaJ, was chosen for further 
studies. 
1 1 9 
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3.7 Studies on GmDNJl 
3.7.1 Sequence analysis of GmDNJl 
The full-length cDNA clone of GmDNJl obtained from soybean by using 
subtraction libraries from the previous work in our laboratory contained 1254 
nucleotides with an intact opening reading frame encoding 417 amino acids residues 
(Fig. 3.7). The BLASTN search showed that the DNA sequence of GmDNJl was 
99% similar to Glycine max seed maturation protein PM37 mRNA (accession 
number: AF169022) with two mismatched bases. Despite the minute difference 
between their nucleotide sequences, the predicted amino acid sequence of GmDNJl 
was identical to that of G max seed maturation protein PM37 (accession number: 
AAD51625). 
The putative seed maturation protein PM37 cDNA fragment studied in our 
cDNA microarray experiments contained 415 nucleotides. Sequence alignment (Fig. 
3.8) displayed its high homology with the full-length cDNA clone of GmDNJl. This 
suggested that the cDNA fragment represent the same gene as GmDNJl. 
Conserved Domain Search (Fig. 3.9) showed that GmDNJl contained the J 
domain and the cysteine-rich (CR) domain with four CXXCXGXG motifs (C = 
cysteine, G = glycine, X = any amino acid). Sequence alignment also showed that a 
glycine/phenylalanine (G/F) rich region was present in its amino acid sequence (Fig. 
3.10). These three characteristic domains suggested that GmDNJl be a type I DnaJ 
protein (Cheetham and Caplan, 1998). 
1 2 0 
g tgg t tcaccc tc tcaaggtc tc t t tggaggacc t t ta tc t tggaac t tccaagaagc tc 
V V H P L K V S L E D L Y L G T S K K 
ftccgaggccttgtgtggcttccaatttgtgctgactcacttggatagccgtcagcttctt 
T E A L C G F Q F V L T H L D S R Q L L 
Fig. 3.7 DNA and amino acid sequences of GmDNJl. The amino acid sequence was 
predicted by Translate Tool of ExPASy (http://www.expasy.org). The two underlined 
bases were different from G, max seed maturation protein PM37 in GenBank 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































To verify the structural similarity of GmDNJl to other DnaJ proteins, an 
alignment of GmDNJl with DnaJ proteins from different taxa was performed. As 
shown in Fig. 3.10，GmDNJl demonstrated 90%, 84%, 80%, 49% 42% and 33% 
identity to type I DnaJ-like proteins from saltbush (Zhu et cd.’ 1993)，willow 
(Futamura et al., 1999)，Arabidopsis (Zhou et al, 1995), human (Davis et al.，1998), 
yeast (Caplan and Douglas, 1991) and E. coli (Ohki et al” 1986) respectively. 
The four domains in DnaJ proteins reported by previous literature (J-domain: 
(Walsh et al, 2004); G/F-rich region: (Pellecchia et al., 1996); CR domain: 
(Martinez-Yamout et al,, 2000)) and the Conserved Domain Database in NCBI were 
found in GmDNJl: It was claimed that the J domain possessed four helices and a 
histidine-proline-aspartate (HPD) motif and they were well conserved among 
GmDNJl and other DnaJ homologues. The G/F-rich region was also conserved in 
GmDNJl and the three plant DnaJ proteins (SgBAA35121, AnP43644 and 
AtP42825). Moreover, the four zinc-binding CXXCXGXG motifs in the 
cysteine-rich domain were present in our protein. The less conserved C-terminal 
domain was also identified using the consensus sequence from the Conserved 
Domain Database. In addition, there was a carboxyl-terminal famesylation 
signal -CAQQ which was common in higher plant cytoplasmic DnaJ homologues 
(Clarke, 1992). Therefore, GmDNJl was suggested to be a DnaJ protein based on its 
putative protein structure. 
Phylogenetic analysis provided further evidence for the identity of GmDNJl. As 
shown in the phylogenetic tree (Fig. 3.11), there were three groups corresponding to 
the three types of DnaJ proteins. The selected eukaryotic DnaJ proteins belonged to 
the relevant types as claimed by literature (Table 3.19). GmDNJl and all the assigned 
type I DnaJ proteins fell into the same group, which was evidence for the close 
relationship between GmDNJl and type I DnaJ proteins. 
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Q E R R R H Y N G - - - E A Y E D D E H H P R G G — V Q C Q T S 
KYHRTRASR-GGAHYDSDEE-EQGGEGVQCASQ 
SPRSKSFFDGVKKFFDDLTR 
Fig. 3.10 Amino acid sequence alignment of GmDNJl and type I DnaJ homologues 
from Salix gilgiana (SgBAA35121)，Atriplex nummularia (AnP43644)，A. thaliana 
(AtP42825), Homo sapiens (HsP31689)，Saccharomyces cerevisiae (ScP25491) and 
E. coll (EcP08622). The J domain (J), the glycine and phenylalanine-rich domain 
(G/F), the cysteine-rich domain (CR) and the C-terminal domain (C)，were 
underlined. Grey boxes and the green box indicated alpha helices and the HPD motif 
respectively in the J domain. Red boxes represented CXXCXGXG motifs in the 
124 
cysteine-rich domain. The blue box showed the putative carboxyl-terminal 
famesylation signal (Clarke, 1992) 一 C A Q Q common in higher plant cytoplasmic 
DnaJ homologue (the first four sequences). Identical residues, highly conserved 
residues and less conserved residues were denoted by an asterisk (*), a semi-colon (:) 
and a period (.) respectively. 
Table 3.19 Eukaryotic DnaJ-like proteins selected for phylogenetic analysis. The 
listed proteins are classified into types I，II and III according to previous literature 
(Zhou et al” 1995; Cheetham and Caplan, 1998; Futamura et cd.’ 1999; Hennessy et 
ai, 2000; Miemyk, 2001; Walsh et al.，2004). Each protein was labelled with the 
abbreviated species name (the first two letters) followed by GenBank accession 
number. The protein names used in GenBank were shown in brackets. An: A. 
nummularia; At: A. thaliana; Cc: Cryptococcus curvatus; Hs: H. sapiens; Mm: Mus 
musculus.，Pf: Plasmodium falciparum; Tc: Trypanosoma cruzi; Sc: S. cerevisiae\ Sg: 
S. gilgiana. 
Taxa Type I Type II Type III 
Yeast ScP25491 (Ydjl) CcCAA72798 (Sisl) ScP32527 (Zuol) 
ScNP—014322 (Apjl) ScP39101 (Cajl) ScP40358 (JEMl) 
Plant AnP43644 (ANJl) AtQ9ZSY2 (AtJ15) AtQ9SDN0 (AtJ20) 
AtP42825 (AtJ2) AtQ39079 (AtJ13) 
SgBAA35121 (SGJ3) 
Animal HsP31689 (HSJ2) HsBAA08495 (Hsp40) MmQ61712(MTJl) 
TcAAC 18896 (TCJ3) HsCAA44969 (HSJl) PfQ26005 (RESA) 






























Fig. 3.11 An unrooted phylogenetic tree of selected eukaryotic DnaJ-like homologues. 
The full-length amino acid sequences of the proteins were analyzed using the 
ClustalW and MEGA version 4 (Thompson et al.，1994; Tamura et al.’ 2007). The 
tree was constructed with a neighbour-joining algorithm. Bootstrap values from one 
thousand replicates were indicated on major branches as percentages. The proteins 
were labelled in the same way as in Table 3.19. 
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Various bioinformatics tools suggested that GmDNJl be a cytoplasmic protein 
without any transmembrane domain, signal peptide, nor cleavage site (Table 3.20). 
Table 3.20 Subcellular localization of GmDNJl predicted by bioinformatics tools. 
Tools Prediction Website 
PSORT Located in cytoplasm http://www.psort.org/ 
(certainty = 0.650) 
MITOPROT Probability of export to http://ihg2.helmholtz-muenchen.de/ihg 
mitochondria: 0.1232 /mitoprot.html 
PTSl predictor Not targeted to peroxisome http://mendel.imp.ac.at/mendeljsp/sat/ 
ptsl/PTSlpredictor.jsp 
SignalP No signal peptide http://www.cbs.dtu.dk/services/SignalP/ 
TMpred No transmembrane domain http://www.ch.embnet.org/software/ 
TMPRED_form.html 
3.7.2 GmDNJl was induced by salt stress and ABA treatment in soybean 
{Glycine max) 
Previous works in our laboratory showed that GmDNJl was induced by salt 
stress (0.3%, 0.6%, and 0.9% NaCl) in two cultivated soybean germplasms 
(Wengfeng? and Union) (Phang, 2002). The induction in leaves was higher in Union 
than in Wenfeng? while that in roots was higher in Wenfeng? (Phang, 2002). As it 
has been reported that some stress-related chaperones (Borovskii et cd.’ 2002; Cho 
and Hong, 2006) and a DnaJ-type Zn finger protein (Ham et al., 2006) were 
up-regulated with ABA treatment, the expression of GmDNJl under ABA treatment 
1 2 7 
was examined. Union, a salt sensitive soybean germplasm frequently used in our 
laboratory, was grown hydroponically and treated with lOOjxM ABA in 0.05% 
methanol as described in section 2.2.2.2. The result of Northern blot analysis on 
GmDNJl expression in leaf and root at different time points under ABA treatment 
was shown in Fig. 3.12. 
In the control group (-ABA) which was treated with 0.05% methanol, the 
expression in leaf rose to its maximum at 0.5 h, dropped between 0.5 h and 4 h and 
rose again until 24 hrs after treatment. A different expression pattern was observed in 
the leaf sample of the treatment group (+ABA), where GmDNJl was induced 
drastically from 0 h to 4 h and remained high until 24 h after treatment. In root, the 
GmDNJl expression increased slightly from 0 hr to 2 h and dropped afterwards in 
the control group while the expression in the treatment group remained low 
throughout the experiment. The result showed that GmDNJl was inducible by ABA 
treatment in leaf but not in root in soybean. 
一 A B A +ABA 
0.5 1 2 4 8 12 24 0 0.5 1 2 4 8 12 24 (hour) 
• 攀 一 _ __•藝麵養餐__ GmDNJl 
rRNA 
-ABA 
0.5 1 2 4 8 12 24 0 0.5 1 2 4 8 12 24 (hour) 
一 麵 一 知 〜 G / n D / V J t root 
rRNA 
Fig. 3.12 Time course of GmDNJl expression in soybean (Union) following 
treatment with lOOjiM ABA in 0.05% methanol (+ABA) or with 0.05% methanol as 
negative control (-ABA). 
1 2 8 
3.7.3 Expressing GmDNJl in transgenic Arabidopsis (Arabidopsis thaliana) 
enhances the tolerance to salt stress and dehydration stress 
Two independent GmDNJl homozygous transgenic lines of Arabidopsis (A-3-4 
and M-3-1) constructed in a previous work in our laboratory (section 2.1.2) were 
selected for functional analysis of GmDNJl. A transgenic line named as 4-e-21 
which expressed the ASNl cDNA (Lam et al.’ 2003) using the same vector as in the 
GmDNJl transgenic lines was used as vector control. Northern blot analysis revealed 
that GmDNJl was constitutively expressed in the two transgenic lines while there 
was no detectable expression in both the wild-type (Col-0) and the vector control 
(4-e-21) (Fig. 3.13). 
Col-0 4-e-21 A-3-4 M-
GmDNJl 
rRNA 
Fig. 3.13 Expression of GmDNJl in the Arabidopsis ecotype Columbia-0 (Col-0), 
ASNl transgenic line 4-e-21 (as vector control), and two independent GmDNJl 
homozygous transgenic lines A-3-4 and M-3-1. The plants were grown in soil with 
Murashige and Skoog (MS) liquid medium for six weeks, in a growth chamber kept 
at 2 2 � C with a 16 h light (intensity about 130 |aE)-8 h dark cycle. The whole plants 
were collected for total RNA extraction as described in section 2.2.3.2. Ten 
microgram of total RNA from each line was loaded onto each lane. Northern blot 
analysis was performed as described in section 2.2.4.1. 
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As described in section 2.2.2.3, the 14-day-old plants grown on MS agar plates 
were transferred to sand culture and grown for another 12 days, followed by 
treatment with 500mM NaCl or 15% PEG. Beginning at four hours after NaCl 
treatment, salt stress symptoms were observed in most individuals (Fig. 3.14(c)). The 
leaves wilted and became more brittle. Chlorosis occurred in leaves. Treatment with 
NaCl continued for six days. Similar symptoms were also found in the two GmDNJl 
transgenic lines (A-3-4 and M-3-1) but the two lines recovered and grew healthily 
while the growth of Col-0 and 4-e-21 were significantly inhibited (Fig. 3.14(b)). 
Dehydration stress imposed by 15% PEG exerted a more adverse effect on the 
growth of all four lines. As shown in Fig. 3.15(b), elongated shoots and early 
formation of siliques, which were common symptoms in plants under abiotic stresses, 
were observed in both the controls and the transgenic lines. However, the lines A-3-4 
and M-3-1 survived with comparatively large and fully expanded rosette leaves after 
six days of PEG treatment while the controls (Col-0 and 4-e-21) grew with wilted, 
pale yellow leaves. 
In general, the two GmDNJl transgenic lines were more tolerant to salt stress 
(500mM NaCl) and dehydration stress (15% PEG) than Col-0 and 4-e-21. 
For each treatment (NaCl, PEG, and no treatment), 20 individuals of each line 
were weighed. The graph in Fig. 3.16 revealed that the fresh weights of A-3-4 and 
M-3-1 were significantly higher than those of Col-0 and 4-e-21 under salt or 
dehydration stress. It provided evidence that GmDNJl enhanced the tolerance to salt 
stress and dehydration stress in transgenic Arabidopsis. The result of a biological 
repeat experiment was shown in Appendix X. 










Fig. 3.14 Appearance of the wild-type Col-0, ASNl transgenic line 4-e-21, GmDNJl 
transgenic lines A-3-4 and M-3-1 under salt treatment: (a) no treatment and (b) 
500mM NaCl. The close-up photo of the individuals (two for each line) treated with 
500mM NaCl in (c) showed salt damage on leaves. The leaves suffering from 
chlorosis were pointed with red arrows. After germination on MS agar for 14 days, 
the seedlings were grown in sand culture with 1/8 MS liquid medium for 12 days 
under the condition stated in section 2.2.2.3, followed by the treatment with 500mM 
NaCl in 1/8 MS liquid medium for six days. The control group was irrigated with 1/8 
MS medium throughout the said period. 









Fig. 3.15 Appearance of the wild-type Col-0, ASNl transgenic line 4-e-21, GmDNJl 
transgenic lines A-3-4 and M-3-1 under dehydration treatment: (a) no treatment and 
(b) 15% PEG. After germination on MS agar for 14 days, the seedlings were grown 
in sand culture with 1/8 MS liquid medium for 12 days under the condition stated in 
section 2.2.2.3, followed by the treatment with 15% PEG in 1/8 MS liquid medium 
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0.12 
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Fig. 3.16 Fresh weight of the wild-type Col-0, ASNI transgenic line 4-e-21, GmDNJl 
transgenic lines A-3-4 and M-3-1 under (a) salt treatment and (b) dehydration 
treatment. Plants were grown and treated as described in Fig. 3.14 and 3.15. Each bar 
represents the average fresh weight of 20 individuals. Error bars show the standard 
errors. One-way analysis of variance (ANOVA) followed by LSD test was used to 
analyze the data. Triple asterisks (***) indicate significant difference when compared 
A-3-4 (lanes 3, 7，11，and 15) and M-3-1 (lanes 4, 8，12, and 16) to Col-0 (lanes 1, 5, 
9，and 13) and 4-e-21 (lanes 2，6, 10，and 14) with a P value less than 0.001. Results 
of another biological repeat experiment were presented in Fig. SI in Appendix X. 
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3.7.4 Expressing GmDNJl in transgenic rice {Oryza sativd) enhances the 
resistance to salt stress and dehydration stress 
Five independent GmDNJl homozygous lines constructed using the wild-type 
rice cultivar Nipponbare (156, 164, 167, 164 and 167) (section 2.1.2) were tested in 
the functional analysis. An AS2 transgenic rice line (AS2) was used as vector control. 
Northern blot analysis showed that GmDNJl was constitutively expressed in the 
transgenic lines while there was no detectable expression in the wild-type (WT) (Fig. 
3.17). 
In the function analysis, the plants encountered salt stress (200mM NaCl) and 
drought stress (removal of MS liquid medium). In both treatments, the plants were 
recovered by replenishing 1/2 MS liquid medium after treatment for 2-3 days. 
WT 156 164 167 170 238 
‘GmDNJl 
rRNA 
Fig. 3.17 Expression of GmDNJl in the wild-type rice {Oryza sativa cv. Nipponbare) 
(WT) and the GmDNJl transgenic lines (156, 164, 167，164 and 167). The plants 
were germinated in water in the dark at 28°C for 10 days and grown in soil with tap 
water in a green house for six weeks. The whole plants were collected for total RNA 
extraction as described in section 2.2.3.2. Ten microgram of total RNA from each 
line was loaded onto each lane. Northern blot analysis was performed as described in 
section 2.2.4.1. 
1 3 5 
All the seven lines suffered from salt damages upon the NaCl treatment for two 
days. The leaves curled up from the tip. Chlorosis occurred on the leaf surfaces and 
the leaf tips turned yellow (Fig. 3.18(d)). After replenishment of MS liquid medium, 
the leaves of the transgenic lines expanded to a larger extent and kept in their 
straight positions as compared to those of WT and AS2. Fig 3.18(b) showed that the 
transgenic lines grew better than WT and AS2. 
The plants under drought stress imposed by removal of MS liquid medium for 
16 h showed different symptoms. The leaves remained green but curled up from the 
tip (Fig. 3.18(e)). After 16 h of drought stress, all the seven lines wilted. After 
replenishment of MS liquid medium, the transgenic lines gradually recovered and 
the leaves became upright and fully expanded (although some young leaves far 
from the bottom were unable to recover) while WT and AS2 wilted and ceased to 
grow. Fig 3.18(c) showed that the transgenic lines grew better than WT and AS2. 
To make comparison quantitatively, the individual plant with at least 50% in 
area of the leaves fully expanded was defined as "recovered". The recovery ability 
of each line was evaluated by counting the number of recovered individuals. As 
plotted in Fig. 3.19, less than 20% of WT and AS2 recovered from salt stress or 
drought stress while at least 50% of the five transgenic lines recovered and 
continued to grow. It indicated that the transgene GmDNJl may enhance the ability 
to recover from salt and drought stresses. 
As in the functional analysis of Arabidopsis, the fresh weights of the 20 
individuals from each line were measured and averaged. As shown in Fig. 3.20, the 
average fresh weights of the five transgenic lines were significantly larger than 
those of WT and AS2, implying that GmDNJl may help in protecting the rice from 
salt and drought stresses. The results of a biological repeat experiment following the 
same procedures were recorded in Appendix X. 
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(C) 
WT AS2 164 167 170 238 
Fig. 3.18 (a-c) Appearance of the wild-type rice cultivar Nipponbare (WT), AS2 
transgenic line (AS2) as vector control and five GmDNJl transgenic lines (156, 164, 
167, 170 and 238) under different treatment: (a) no treatment, (b) 200mM NaCl,， 
and (c) drought stress. The close-up photo of the wild-type rice under salt stress in (d) 
shows the salt damage at the leaf tips as indicated by red arrows and that under 
drought stress in (e) show curling leaves as indicated by yellow arrows. 
After germination in the dark for 10 days, triplicate sets of seedlings were grown in 
1/2 MS liquid medium for nine days under the conditions stated in section 2.2.2.4. 
One treatment group was treated with 200mM NaCl (in 1/2 MS liquid medium) for 
two days followed by irrigation of 1/2 MS liquid medium for another two days. 
Another treatment group was dehydrated by removing the medium for 16 h followed 
by re-irrigation of 1/2 MS liquid medium for three days. The control group was 
irrigated with 1/2 MS liquid medium throughout the experiment. 
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Fig. 3.19 Recovery rates of the wild-type rice (WT), AS2 transgenic line (AS2) and 
five GmDNJI transgenic lines (156, 164, 167，170 and 238) under (a) salt treatment 
(200mM NaCl) and (b) drought treatment (removal of liquid medium). Twenty 
individuals of each line were grown and treated as described in Fig. 3.18. Individual 
with at least 50% in area of the leaves fully expanded is defined as “recovered”. 
Results of another biological repeat experiment were presented in Fig. S2 in 
Appendix X. 
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Fig. 3.20 Fresh weights of the wild-type rice (WT), AS2 transgenic line (AS2) and 
five GmDNJI transgenic lines (156, 164，167, 170 and 238) under (a) salt treatment 
(200mM NaCl) and (b) drought treatment (removal of liquid medium). The plants 
were grown and treated as described in Fig. 3.18 and their fresh weight was recorded. 
Each bar represents the average fresh weight of 20 individuals. Error bars show the 
standard errors (N=20). One-way analysis of variance (ANOVA) followed by LSD 
test was used to analyze the data. Triple asterisks (***) indicate significant difference 
when compared fresh weights of treated and untreated plants in each line with a p 
value less than 0.001. Results of another biological repeat experiment were presented 
in Fig. S3 in Appendix X. 
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3.7.5 The GmDNJl protein can replace DnaJ in the in vitro luciferase 
refolding assay 
As the amino acid sequence suggested GmDNJl to be a DnaJ / Hsp40, it is 
important to examine the chaperone activity of the GmDNJl protein. Luciferase, a 
heat-sensitive enzyme catalyzing the luminescent reaction in the presence of ATP, 
was frequently used as a reporter of the chaperone activity of DnaJ / Hsp40 (e.g. 
(Linke et al., 2003; Zmikewski et al., 2004; Sato et al., 2007). In our experiment, the 
full-length clone of GmDNJl was excised from pKS-GmDNJl (from a previous 
work in our laboratory) and subcloned into the expression vector pGEX-4T-l (GE 
Healthcare) to make a new construct pGEX-GmDNJl, which was checked by 
sequence analysis. The E. coli strain BL21 (DE3) was transformed with the new 
construct and used to produce the GST (glutathione S-transferase)-GmDNJ1 fusion 
protein. 
The total soluble proteins in the cell extract, lysate and eluate were examined 
using SDS-PAGE (stained by Coomassie Brilliant Blue R-250) and Western blot 
analysis (detected by the GmDNJl specific antibody mentioned in section 2.1.4). 
According to the result of Western blot analysis shown in Fig. 3.21(a), the amount of 
GST-GmDNJl fusion protein (putative molecular mass: about 72 kDa) in E. coli 
transformed with pGEX-GmDNJl increased after 2 h of IPTG induction (comparing 
lanes 1 and 2). Referring to lanes 3 and 4 respectively, the cell lysate and the eluate 
from MicroSpin GST Purification Module (GE Healthcare) contained similar amount 
of GST-GmDNJl fusion protein. The GmDNJl protein was not found in E. coli 
transformed with pGEX-4T-l (lanes 5-8). 
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Luciferase refolding assay was performed according to ( 之 m i k e w s k i et al., 2004). 
Referring to Fig. 3.22，the heat denatured luciferase with no chaperone (lane 1) 
showed only about 20% of the luciferase activity in the presence of three chaperones 
DnaK, DnaJ and GrpE from the E. coli chaperone system (lane 3). When DnaJ in the 
E. coli chaperone system was removed or replaced by GST or BSA (lanes 2, 5 and 6 
respectively), the activity dropped to 40-50%. Only when DnaJ was replaced by the 
GST-GmDNJl fusion protein the treated luciferase kept its activity as compared to 
that with the complete E. coli chaperone system. It indicated that GST-GmDNJl can 
functionally replace DnaJ in the prokaryotic chaperone system. This again suggested 
the functional role of GmDNJl as a DnaJ co-chaperone. 
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Fig. 3.21 Results of (a) Western blot analysis and (b) SDS-PAGE showing the 
expression of GmDNJl in E. coli BL21 (DE3) transformed with pGEX-GmDNJ 1 
(lanes 1-4) and pGEX-4T-l (lanes 5-8). Bacteria were grown in Luria-Bertani (LB) 
liquid medium at 30°C at 130 rpm for 2-3 h to an OD600 of 0.6-0.8. IPTG was added 
to the medium to a final concentration of ImM. The culture was incubated for 2 h 
and the bacteria were collected by centrifugation at 8000 Xg for 5 minutes. The 
GST-GmDNJl fusion protein or GST protein was purified from the bacteria using 
lysozyme and MicroSpin GST Purification Module (GE Healthcare) as described in 
section 2.2.6. SDS-PAGE using Coomassie blue staining method was performed to 
examine the total proteins in each sample and Western blot analysis using antibodies 
against GmDNJl was performed as described in section 2.2.4.2 to show the presence 
of the GST-GmDNJl fusion protein. Lanes 1 and 5: cell extract at 0 h after IPTG 
induction; lanes 2 and 6: cell extract at 2 h after IPTG induction; lanes 3 and 7: lysate 
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Fig. 3.22 Chaperone activity of GmDNJI represented by relative activity of 
heat-denatured luciferase. Luciferase activity in the presence of the E. coli 
homologous K-J-E chaperone system (lane 3) was set as 100%. Each bar represents 
an average of at least three repeats. Error bars show the standard errors. DnaK, DnaJ, 
GrpE: proteins in the E. coli homologous K-J-E chaperone system purchase from 
Stressgen (Victoria, BC, Canada), GmDNJI: purified GST-GmDNJl protein, GST: 
glutathione-S-transferase expressed from pGEX-4T-l, BSA: bovine serum albumin. 
E. coli strain BL21 (DE3) was grown and the production of protein was induced by 
IPTG. The GST-GmDNJl fusion protein or GST protein was purified from the 
bacteria using MicroSpin GST Purification Module (GE Healthcare) and quantitated 
by the Bradford protein assay (Bradford, 1976). Luciferase refolding assay was 
performed according to (Zmikewski et al., 2004). The mentioned manipulation 
followed the procedures described in section 2.2.6. 
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Chapter 4 Discussion 
4.1 Overview of expression profiling of the 20 soybean germplasms 
As stated at the beginning of Chapter 3, there were three approaches of analysis 
on the expression profiles of the 20 soybean germplasms. They were intended to 
explore the expression of genes obtained from subtraction libraries at different angles 
so as to identify different sets of salt responsive genes. The first stage involved 
sequencing of nearly 1000 cDNA clones (representing at least 242 genes) in libraries 
E and I (from leaf tissues of soybean treated with 0.3% NaCl and 0.9% NaCl 
respectively). This provided a simple scan of the compositions of the libraries and a 
quick comparison between the expression profiles of salt tolerant Wenfeng? and salt 
sensitive Union under mild and severe salt damages. In the second stage, which can 
be called a "fold-difference" analysis, the genes with at least 2.5-fold higher 
expression in tolerant or cultivated germplasms were selected. According to the 
results from microarray experiments, 97 clones (at least 55 genes) had significant 
expression in tolerant germplasms. Many of the genes were not present in the first 
stage, showing that the fold-difference analysis selected a different set of genes that 
may be feasible for study in plant salt stress. The last stage relied on statistical tools 
in the publicly accessible microarray software BRB-ArrayTools. Quantitative trait 
analysis and cluster analysis identified 87 clones (at least 61 genes) with significantly 
different expression between different comparing groups (e.g. tolerant gemrplasms 
vs. sensitive ones). More than half of the genes were unique in this analysis, showing 
that the statistical methods were useful in enriching the list of salt responsive genes. 
The results of the three kinds of analysis were discussed in the following sections. 
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4.2 Identification of salt responsive genes from subtraction 
libraries 
Screening from subtraction libraries is a simple way to identify salt responsive 
genes. Two of the eight subtraction libraries presented in cDNA microarray were 
chosen for a preliminary analysis because their clones, according to the subtraction, 
were believed to have a higher expression in Wenfeng? (a salt-tolerant cultivated 
soybean germplasm) than in Union (a salt-sensitive cultivated soybean germplasm) 
under mild (0.3% NaCl for library E) or severe (0.9% NaCl for library I) salt stress 
condition. Sequence analysis on selected clones in libraries E and I revealed 362 and 
274 clones, which represented 143 and 127 non-redundant genes respectively. 
Among them, 28 genes were found in both libraries. 
The largest group was composed of genes related to metabolic activity (28%; 67 
genes). More than half of them (37 genes) encoded RUBISCO, photosystem proteins, 
and members in the electron transport chain in mitochondria. Genes in the essential 
metabolic activities were frequently identified in microarray analysis on plants under 
salt and drought stresses (Kore-eda et al.’ 2004; Cramer et al., 2007; Fernandez et al, 
2008). This can be explained by the deduction that vigorous machineries for 
photosynthesis and respiration or a higher ability to recover them from stresses like 
salt damage are possible elements for salt tolerance mechanisms. Also, these genes 
were usually abundant in plant cells and so they were easily found in subtraction 
libraries E and I. 
The second group (21%; 51 genes) consisted of chaperones, phosphatases, 
proteinases, signal transducers, and transporters. Among the genes in this category, 
Hsp70 and Hsp70 conjugate, small Hsps, and a soybean putative DnaJ/Hsp40 (seed 
maturation PM37), were the outstanding candidates as Hsp70 and their counterparts 
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have been studied in plant stress studies (Sugino et al., 1999; Alvim et al., 2001). 
There were also many signal transducers, including ATCEN2 (from Arabidopsis), 
protein kinase, protein phosphatase 2C, signal peptidase I，and the important salt 
tolerance genes S0S2-like protein kinase (from G. max). 
Another significant group contained the differentially expressed genes related to 
gene expression (17%; 42 genes), many belonging to ribosomal proteins. This can be 
explained by a more vigorous production of stress responsive proteins like 
transcription factors, chaperones, and enzymes for osmolite synthesis and other 
functions in response to salt stress in salt-tolerant germplasms. Except ribosomal 
proteins, the most abundant clone in this category was a clone homologous to an 
Arabidopsis RNA recognition motif (RRM)-containing RNA binding protein. Similar 
RRM containing proteins have been reported to be related to cold (de Leeuw et al” 
2007) and oxidative (Martin et al, 2006) stresses. 
Nearly 10% (23 genes) of the clones in each libraries belonged to the genes 
related to salt or other stresses (drought, osmotic, oxidative, cold, and biotic stresses) 
as supported by literature. Among them, RD22, glutathione peroxidase 1，Cu/Zn 
superoxide dismutase, and thaumatin are the common candidates of studies on plant 
salt stress (Bartels and Sunkar, 2005). A late embryogenesis abundant (LEA) protein 
was identified in library E. Several LEA proteins have been identified and studied in 
many transcriptional studies on stressed plants, especially those under drought stress 
(e.g. Oztur et al., 2002; Cuming et al., 2007). The soybean LEA protein found in 
library has been cloned from soybean and studied using E. coli cells by Lan et al. 
(2005). This group-2 LEA protein (a dehydrin) increased the growth rate of E. coli 
under NaCl treatment, but not under KCl and mannitol treatmenets, indicating that 
this gene may be specifically responsive to Na+ (Lan et al” 2005). 
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Different functional allocation related to metabolism between the two libraries 
was observed. In library I (0.9% NaCl), there were more differentially expressed 
genes for cellular respiration, with cytochrome b6/f as the most abundant transcript. 
This may reflect the greater destruction on the electron transport chain in 
salt-sensitive germplasm (Union) under severe salt stress. On the other hand, more 
genes for secondary metabolism like chalcone reductase (flavonoid biosynthesis) and 
dihydroflavonol reductase (anthocyanin biosynthesis) were found in library E, 
suggesting their importance in mild salt stress. 
A large number of clones belong to cinnamoyl-CoA reductase (CCR) (77 clones 
in library E and 39 in library I). As the entry point of the monolignin biosynthetic 
pathway (Fan et al.，2005), CCR has been reported as a salt responsive transcript. 
(Jbir et al., 2001; Fan et al., 2005). 
4.3 Normalization of data from microarray experiments 
Before the fold-difference analysis and the selection of genes using statistical 
tools, the expression data from microarray experiments must be first normalized. 
Although external controls (kanamycin- and ampicillin-resistant gene from E. coif) 
and an internal control (actin gene from G max) were present in the cDNA 
microarray, print-tip LOWESS normalization were applied because it generated the 
best normalized result among the three methods. The effect of print-tip LOWESS 
normalization was best demonstrated by M-A plots and boxplots (Berger et al, 2004; 
Alvord et al” 2007) in Appendix VI. The M-A plots of several experiments using the 
uimormalized data showed a dye-bias at the high average log intensity (the y-axis)， 
which were all eliminated after normalization. The boxplots using the imnormalized 
data also revealed uniform medians of eight print-tip groups. 
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4.4 The fold difference analysis 
Salt responsive genes were selected by examining the fold difference in 
expression between salt-tolerant and salt-sensitive germplasms for each gene. A 
2.5-fold difference (log2 difference = 1.322) was used as the threshold. The genes 
with 2.5-fold higher expression in sensitive germplasms than in tolerant germplasms 
were very few and most of them were photosynthesis genes with less significance 
with salt tolerance. As a result, only those with 2.5-fold higher expression in tolerant 
germplasms were considered. 
In total, 97 clones representing at least 55 unique genes, were found to be 
up-regulated (>2.5) in tolerant germplasms. Most of the genes (52 out of 55) came 
from the subtraction "CT (cultivated tolerant) minus CS (cultivated sensitive)". The 
most prominent candidates for further studies in each functional category were 
discussed. All the 13 genes from "WT (wild tolerant) minus WS (wild sensitive)” 
overlapped with the said 52 genes. No new gene was identified. For the subtraction 
“T (cultivated and wild tolerant) minus S (cultivated and wild sensitive)", there were 
eight genes, only three of which were unique and have not been identified in 
previous comparisons. 
4.4.1 Response to stress 
A soybean maturation protein {GmPMS) was identified in the subtraction "WT 
minus WS). It shared 80% homology with Arabidopsis AWPM-19-like membrane 
family protein. The AWPM-19-like protein was up-regulated by ABA treatment and 
freezing in wheat suspension culture cells (Koike et al” 1997). Two antioxidants, 
glutathione peroxidase and thioredoxin, were identified. Glutathione peroxidase 
catalyzes the reduction of hydrogen peroxide and lipid hydroperoxides into water. It 
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has been reported to be salt inducible in Arabidopsis (Sugimoto and Sakamoto, 1997) 
and citrus (Avsian-Kretchmer et al” 1999). Thioredoxin is another kind of 
antioxidants mainly for reducing disulphide bridges in proteins and associated with 
oxidative stress in bacteria, yeast, animals, and plants (Amer and Holmgren, 2000; 
Bartels and Sunkar, 2005). Recent studies have suggested the overlapping roles of 
thioredoxin and glutathione in oxidative stress in plants (Reichheld et al., 2007). It is 
widely accepted that salt stress induces the production of ROS, which mediates the 
salt stress responsive signalling pathways. These two candidates are good candidates 
in salt stress studies on soybean. 
PR-5 and RD22 were also identified. The involvement of these two genes in 
plant salt stress has been well documented (review in section 4.2.2). 
4.4.2 Gene expression 
Many genes in this category encoded ribosomal proteins. Two exceptions were 
NAC2 and DEAD-box helicase. Salt stress regulation on NAC transcription factor 
genes has been extensively studied, especially in rice (Nakashima et al, 2007; Hu et 
cd., 2008) and Arabidopsis (He et al., 2005). Although there were several reports on 
the response of DEAD-box helicases to salt stress (reviewed in section 1.2.3)，there 
was little attempt to reveal their molecular mechanism. The roles of DEAD-box 
helicase in transcriptional control and/or DNA/RNA metabolism may provide new 
insight on salt stress signalling networks (Tuteja，2007). 
4.4.3 Molecular function 
The main group of genes in this category was related to signal transduction. 
Two phosphatases, including an acid phosphatase and a 28 kDa protein, were found. 
Although the 28 kDa contained acid phosphatase domain as suggested by Conserved 
1 5 0 
Domain Database, the cDNA sequences for the acid phosphatase and the 28 kDa 
protein were different and they probably represented different kinds of acid 
phosphatases. In barley and mangrove, induction of vacuolar acid phosphatase was 
found to be associated with increased vacuolar volume, which protected the plant 
cells under salt stress (Mimura et al., 2003). Recent studies also suggested the 
association of acid phosphatases with salt and oxidative stress (Liao et al” 2003) and 
the SOS pathway (Sanchez-Barrena et al, 2007). 
Another outstanding candidate is soybean nitrate and chloride transporter 
(GmN70). In a recent study, this gene was cloned and identified as an anion 
transporter with high homology to the anion transporter LjN70 from Arabidopsis 
(Vincill et al, 2005). GmNlO was highly expressed in the membrane of 
symbiosomes, a unique organelle enclosing symbiotic bacteria for nitrogen fixation, 
in mature nodules. Voltage clamp analysis using Xenopus laevis oocytes showed 
outward currents with descending preference of nitrate, nitrite, and chloride. As 
suggested by Vincill et «/.(2005), nitrate uptake may control nitrogen fixation by 
elevating cytosolic nitrate levels, reducing the symbiosome membrane potential, and 
thus restricting the symbiotic uptake of dicarboxylates (Ou yang et al” 1990; Vincill 
et a!,, 2005). Interestingly, our clone for GmN70 was taken from the subtraction 
library derived from soybean leaf tissues mRNA and it would not be in symbiosomes. 
It may take the role of osmoregulation and/or cytosolic ion homeostasis in plasma 
membrane or tonoplast membrane, as for some other anion transporters in plants 
(Barbier-Brygoo et al.’ 2000). 
4.4.4 Metabolic activity 
Other than the genes coding for proteins in the photosystem and electron 
transport chain, which were commonly found in transcriptomics studies on stress, 
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two genes for secondary metabolism were identified. Chalcone reductase is an 
important enzyme in flavonoid. It has been shown to be up-regulated in roots of 
soybean by SCN infection (Alkharouf et al., 2006). Dihydroflavonol reductase is 
involved not only in anthocyanin synthesis but also generation of NADPH 
(Takahashi et al.’ 2006). Recently, a rice gene (YKl) coding for dihydroflavonol 
reductase has been studied using transgenic rice. Overexpression of YKl in 
transgenic rice, coupled with chanced NADPH production, conferred tolerance to 
salinity, UV, submergence, and fungal blast (Uchimiya et al.，2002)，as well as cell 
death (Hayashi et al.’ 2005). 
4.4.5 Cellular component 
Caffeoyl-CoA 0-methyltransferase and cinnamoyl-CoA reductase (CCR) are 
two important enzymes in monolignol biosynthesis. Recent studies evidenced that 
plants under salt stress may increase the degree of cell wall lignification in roots and 
the lignification process is one of the crucial factors contributing to the tolerance 
phenotype in some salt tolerant plant species (Jbir et al” 2001; Dauwe et al, 2007). 
CCR in maize was induced by drought stress and may be responsible for the 
reduction of cell wall extensibility and the growth rate in the root elongation region 
(Fan et al, 2005). In some plants, increased lignin biosynthesis was followed by 
decreased cell wall peroxidase activity, probably due to decreased ROS production 
(reviewed in (Jbir et al., 2001)). Despite the lack of direct evidence showing the 
relationship between lignin biosynthesis and tolerance to high salinity, key enzymes 
in the lignin biosynthetic pathway should be good candidates for salt and oxidative 
stress tolerance. 
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4.4.6 Genes with 2.5-fold difference in expression between cultivated and wild 
germplasms 
To investigate the difference in expression between cultivated and wild 
germplasms, a similar approach mentioned above was applied. Nine genes had 
2.5-fold higher expression cultivated germplasms than in the wild ones. The 
overlapping genes worth further investigation included homologues of a cationic 
peroxidase, S0S2-like protein kinase, dihyroflavonol reductase, and an envelope 
membrane protein (CemA). On the other hand, when the fold difference was kept at 
2.5 no gene was found to have higher expression in wild germplasms than in 
cultivated ones. Reduction of the threshold to 1.8-fold led to nine genes (15 clones). 
Homologues of genes involved in respiration, photosynthesis, lipid metabolism and 
aluminium stress response were identified. A homologue of a magnesium transporter 
was also found. These may be the classifiers distinguishing cultivated germplasms 
from wild ones. 
4.5 Selection of salt responsive genes using statistical tools 
4.5.1 Quantitative trait analysis 
The ten comparing schemes (quantitative traits) explained in Table 3.4 
represented the genes with different expression patterns related to the salt stress 
phenotypes (tolerant or sensitive) and/or the origins of the germplasms (wild or 
cultivated). The P value of 0.0015 was chosen due to its comparable stringency to 
literature (Hewezi et al, 2006; Dhaubhadel et aL, 2007; Ralph et al” 2008) and its 
ability to compromise between the reliability and the number of genes revealed. In 
total, 87 clones represented at least 61 individual genes were selected Over 30% 
(32/87) of the salt correlation genes identified by quantitative trait analysis belong to 
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the comparing scheme CSvsO, indicating a larger difference between cultivated 
sensitive germplasms (C6-C10) and all others (C1-C5, Wl-WlO). Half of them, 
including two clones for ubiquitin carrier proteins, two for glutathione peroxidase, 
and a senescence-associated tobacco gene Ntdin (Yang et al., 2003), had higher 
expression in cultivated tolerant germplasms. The clones with lower expression in 
cultivated sensitive germplasms included CCR, a G protein-coupled receptor, a 
DnaK like protein, and pathogenesis-related protein group 5 {PR-5) from G. max (a 
soybean acidic isoform of PR-5 inducible by salt and drought stresses; (Onishi et al.’ 
2006)). The comparing scheme WTvsO is the second large group, presenting several 
transcription factors (e.g. NAC domain protein, Timing of CAB expression 1 protein) 
and ROS scavengers (aldehyde dehydrogenase 1，glutathione peroxidase 1). 
Three comparing schemes, CSvsCT，WSvsWT, and SvsT, should include the 
genes discriminating salt-tolerant from salt-sensitive germplasms. Among those 
genes, a protein phosphatase 2C, an acid phosphatase-like protein, and CCR had 
higher expression in tolerant germplasms and they may be candidates contributing to 
the salt tolerant phenotypes in those germplasms. 
The two schemes, CSvsCT and WSvsWT represented the genes discriminating 
salt-tolerant from salt-sensitive germplasms within the cultivars (CI-CIO) and the 
wild accessions (Wl-WlO) respectively. If the cultivated and wild soybean shared 
common salt stress responses, their expression profiles would be similar and more 
genes would be identified in both comparing schemes. As shown in Fig 3.2，there 
were very few common salt stress correlation genes even when the stringency was 
lower to 户<0.05. This may imply that the transcriptional profiles in response to salt 
stress are different between cultivated and wild soybeans. 
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4.5.2 Cluster analyses 
Hierarchical clustering of the 81 revealed seven clusters with different 
expression patterns. Interestingly, each cluster was dominated by one or two 
subtraction libraries. 
Cluster #1 included the genes with higher expression in wild tolerant 
germplasms. In cluster #1, all the 19 clones came from libraries G (Union minus 
Wenfeng? under 0.3% NaCl) and I (Wenfeng? minus Union under 0.9% NaCl). 
There were several genes that have been associated with salt stress in plant, including 
CCR (Dauwe et al.，2007)，protein phosphatase type-2C (Sanchez-Barrena et al., 
2007; Servet et al, 2008), prefoldin (a DnaK homologue) (Zang and Komatsu, 2007), 
and G protein-coupled receptor (Misra et al., 2007). 
Cluster #2 contained the genes discriminating wild from cultivated germplasms 
as their generally high expression in wild germplasms than in cultivated. All the 22 
clones came from libraries G, I，and K (Union minus Wenfeng? under 0.9% NaCl). 
Seed maturation protein PM37, which were the candidate of individual gene study in 
this project, belonged to this cluster. This was contrasting with the results of a gene 
expression study in our laboratory, which showed no apparent difference in its 
expression between wild and cultivated germplasms (unpublished data). Other 
significant genes included DNA-glycosylase, DEAD-box RNA helicase, and NAC 
domain protein, all of which were probably related to gene expression. The 
salt-inducible pathogenesis-related protein group 5 {PR-5) mentioned in the previous 
section was also found. 
Cluster #3 contained the largest number of clones (24 clones) among the seven 
clusters. Generally, the included genes had higher expression in cultivated, sensitive 
germplasms. This group was more diverse, including clones with various putative 
functions. The clones came from six libraries, with about 70% of the clones from 
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libraries C (treated Wenfeng? minus untreated Wenfeng? under 0.9% NaCl) and E 
(Wenfeng? minus Union at 0.3% NaCl). 
Four genes (RD22-like protein, acid phosphatase-like protein, ribosomal protein 
L33, and an unknown gene) were grouped into cluster #4. This group fluctuated in 
cultivated germplasms and had higher expression in wild, tolerant germplasms. 
RD22 and acid phosphatase are known candidates of plant salt stress response 
(Yamaguchi-Shinozaki and Shinozaki, 1993; Liao et al, 2003). 
The general expression patterns of clusters #6 and #7 (higher expression in wild 
germplasms than in cultivated ones) were opposite to that of cluster #3. Despite their 
similar expression patterns, clusters #6 and #7 were dominated by different libraries 
(libraries VIII and G for cluster #6; libraries C and E for cluster #7). One clone worth 
to discuss is homologues of the universal stress protein (USP) from wine grape (Vitis 
vinifera). The name originated from the discovery of the multiple stress-inducible 
universal stress protein A {Usp A) from E, coli (Nystrom and Neidhardt, 1992). USP 
in bacteria was regarded as a molecular switch in response to stress (Kvint et al., 
2003). On the other hand, the plant Usp family proteins seem to possess ATP-binding 
and serine/theonine protein kinase ability (Kvint et al., 2003). Only a few studies 
concerning USPs in plants have been reported. In a proteomic analysis of rice, a USP 
was considered up-regulated by bacterial blight challenge (Chen et al” 2007). 
Another rice USP (OsUSPl) was up-regulated by submergent treatment and ethylene 
(Sauter et al., 2002). A USP from grape {Citrus paradisi) was proved to be induced 
with heat stress (Sapitnitskaya et al., 2006). 
Quantitative trait analysis shared less than ten overlapping genes either with 
subtraction libraries or the fold-difference analysis. This statistical method identified 
more genes related to gene expression. It indicated that the statistical tool was useful 
in searching for more genes ignored by the previous stages of analysis. 
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4.6 Studies on GmDNJl 
4.6.1 GmDNJl is a good candidate for gene studies 
In a previous study in our laboratory, GmDNJl was found and identified in 
subtraction libraries from NaCl-treated soybean. It has been shown to be inducible in 
both leaf and root tissues in soybean (Phang, 2002). This putative DnaJ/Hsp40 
homologue is a promising candidate in plant salt stress response, as supported by the 
recent literature suggesting the connection between heat shock proteins and abiotic 
stress (Alamillo et al., 1995; Coca et al.’ 1996; Sugino et cd., 1999; Alvim et al, 
2001 ； Campalans et al ,2001; Campbell et al ,2001; Cho and Hong, 2006; Ogawa et 
al, 2007). 
Another reason for choosing GmDNJl is that it was also identified in the data 
mining of subtraction libraries and microarray in this project. The results were 
summarized in Table 4.1. 
Table 4.1 GmDNJl and other heat shock protein (Hsp) homologue identified using 
different approaches 
Approaches GmDNJl Other Hsp homologue 
Library E Absent 70 kDa heat shock cognate protein, 
70 kDa Hsp, chaperonin 21 
Library I Present 26.5 kDa Hsp 
Fold difference analysis Absent -
Quantitative trait analysis Present Prefoldin 
Inducing the expression of GmDNJl may required a more severe salt stress as it 
was found in library I (genes from leaf under 0.9% NaCl treatment) but not in library 
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E (genes from leaf under 0.3% NaCl treatment). Its presence in quantitative trait 
analysis may suggest its low differential expression between tolerant and sensitive 
germplasms which can only be detected using statistical tools (quantitative trait 
analysis) but not by simple subtraction in fold difference analysis. 
4.6.2 Sequence analysis of GmDNJl suggested it to be a DnaJ/Hsp40 
homologue in soybean 
Theoretical translation revealed that the 1254-nucleotide full-length clone of 
GmDNJl encoded a protein identical to Glycine max seed maturation protein PM37 
(accession number: AAD51625), which was deposited in GenBank with no literature 
concerning its putative function. 
Conserved Domain Search showed that three domains, which are well 
conserved in the type I DnaJ proteins and essential for their molecular chaperone 
function (reviewed in section 1.2.7), were present in GmDNJl. Our clone also shared 
high homology with other type I DnaJ homologues from plant at the less conserved 
C-terminal region. This is consistent with the result of phylogenic analysis, 
suggesting GmDNJl to be a type I DnaJ protein. While bioinformatics tools 
predicted the protein to be located in cytoplasm, information on the subcellular 
location of the native GmDNJl in soybean is not available. However, both the 
carboxyl-terminal famesylation signal 一C A Q Q common in higher plant cytoplasmic 
DnaJ homologues (Clarke, 1992) (Fig. 3.10) and the presence of the synthesized 
GmDNJl protein in the soluble fraction of E. coli (section 3.3.5) provided indirect 
evidence for the prediction. 
4.6.3 GmDNJl was induced by salt stress and ABA treatment 
In a previous expression study in our laboratory, GmDNJl was up-regulated in 
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leaves of both salt-tolerant (Wenfeng?) and salt-sensitive (Union) soybean 
germplasms (Phang, 2002). In roots, the dosage-dependent (from 0.3，0.6 to 0.9% 
NaCl) induction of GmDNJl in Wenfeng? was higher than that in Union. 
Interestingly, the expression of GmDNJl was different in leaves, with a higher 
induction in Union than in Wenfeng?. In the time-course study of the expression of 
GmDNJl in Union in response to ABA treatment carried out in this project, a great 
biphasic induction of the GmDNJl expression was observed in leaves but not in roots, 
which coincided with its salt stress response. The parallel expression of GmDNJl 
under salt stress and ABA treatment suggested an ABA-dependent regulation on the 
gene. 
4.6.4 GmDNJl has a higher expression in salt tolerant soybean germplasms 
over sensitive ones 
Microarray analysis identified GmDNJl as a salt stress correlation gene. Results 
from real-time PGR analysis (section 3.2.6.2) showed that the gene was differentially 
expression among the twenty soybean germplasms used in microarray analysis. Its 
expression was significantly higher in salt tolerant germplasms than in sensitive ones, 
implying that it may be one of the candidates contributing to the salt tolerance in 
soybean. 
4.6.5 Ectopic expression of GmDNJl enhanced the tolerance to salt stress and 
dehydration stress in transgenic Arabidopsis 
It is the first report on functional characterization of a plant DnaJ/Hsp40 
homologue in a whole plant system. Two lines of transgeneic Arabidopsis (A-3-4 and 
M-3-1) with constitutive expression of GmDNJl were used in the functional analysis. 
Under normal conditions, A-3-4 and M-3-1 were slightly smaller than their wild-type 
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Col-0. There were no other phenotypic difference between wild-type and transgenic 
plants. Under salt (500 mM) and dehydration (15% PEG) stresses, the transgenic 
lines grew in a much better way than Col-0 and 4-e-31 (the vector control line), as 
showed by the difference in their fresh weights. Under salt stress, both controls 
ceased to grow and their leaves turned purple, probably due to the accumulation of 
anthocyanin. Chlorosis was also observed, especially on rosette leaves. The 
transgenic lines, in turn, continued to grow with green, fully expanded rosette leaves. 
Ectopic expression of GmDNJl avoided the salt damage to Arabidopsis. The 
dehydration symptoms were different. Although bolting was observed in all plants, 
the retardation of growth was significant in the controls but not in the transgenic 
lines, showing that GmDNJl conferred dehydration tolerance in Arabidopsis. 
4.6.6 Ectopic expression of GmDNJl enhanced the tolerance to salt stress and 
dehydration stress in transgenic rice 
It has been proved that GmDNJl also enhanced salt and dehydration tolerance 
in rice. Under salt (200 mM NaCl) and dehydration (removal of water) stresses, the 
growth of five independent GmDNJl homozygous lines was better than their 
wild-type cultivar Nipponbare and the vector control constitutively expressing AS2. 
For salt stress, salt damage (mainly chlorosis at the leaf tips and rolling of the leaves) 
was observed in all plants. Retardation of growth was also observed in both 
transgenic lines and controls. Treatment exceeding four days resulted in death of all 
lines (unpublished data). Therefore, the plants were treated with 200 mM NaCl for 
48 h followed by replenishment of normal liquid medium. Under this situation, the 
transgenic lines were able to recover and regain the growth while the controls 
showed no apparent response to the replenishment. 
A similar result was observed in dehydration treatment. Rehydration after the 
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removal of water for 16 h resulted in the gradual expansion of the rolled leaves in the 
transgenic lines while the controls died or showed a much smaller degree of recovery 
(expansion of less than 50% of the leaf area). 
The phenotypes in Arabidopsis suggested that GmDNJl protect the plants from 
damage due to high salinity or dehydration at the early phase. However, GmDNJl 
seemed to be unable to eliminate the adverse effect of high salinity or dehydration 
immediately after treatment but it enhanced the ability and rate of recovery after 
normal conditions were regained. The different performance of transgenic 
Arabidopsis and transgenic rice under stress conditions may imply a different role of 
DnaJ in dicots and monocots. 
4.6.7 Luciferase activity assay showed that GmDNJl functioned as a 
DnaJ/Hsp40 in vitro 
Although GmDNJl comes from plants, it contains all the essential domains in E. 
coli DnaJ homologue. So it is expected that our protein may replace DnaJ in the E. 
coli DnaK-DnaJ-GrpE system and function in protein folding. To confirm the 
co-chaperone activity of GmDNJl, luciferase activity assay was performed. A 
construct expressing the GST-GmDNJl fusion proteins were harboured into the 
expression system E. coli BL21 (DE3). Western blot analysis using 
GmDNJl-specific antibodies confirmed the presence of GST-GmDNJl and showed 
its approximate size (-72 kDa). It was found that the fusion proteins, in addition to 
the E. coli DnaK and GrpE proteins restalled the activity of heat-denatured luciferase 
as in the complete DnaK-DnaJ-GrpE system. This provided the first information on 
the biochemistry of GmDNJl and more biochemical assays are definitely needed to 
reveal its molecular function. 
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Chapter 5 Conclusion 
Gene expression profiling of the 20 soybean germplasms using cDNA 
microarray was applied to identify salt stress responsive genes in soybean. Sequence 
analysis of subtraction libraries E and I showed 242 non-redundant genes, nearly 
30% of which were related to photosynthesis, respiration, and other metabolic 
activities. A large number of signal transducers, transcription factors, and ribosomal 
proteins were also identified. Selection using fold differences in expression 
(fold-difference analysis) between salt-tolerant and salt-sensitive germplasms 
resulted in a different set of salt stress responsive genes (97 clones representing at 
least 55 unique genes). Among them, good candidates for further studies included 
maturation protein PM3 (GmPM3), pathogenesis-related protein group 5 (PR-5)’ 
RD22, NAC domain protein, DEAD-box helicase, nitrate and chloride transporter 
{GmN70\ chalcone reductase, dihydroflavonol reductase, and cinnamoyl-CoA 
reductase. On the other hand, nine genes had 2.5-fold higher expression in cultivated 
germplasms than in wild germplasms. These genes may be the classifiers 
distinguishing cultivated germplasms from wild ones. Statistical tools using high 
stringency (P<0.0015) revealed salt stress responsive genes (87 clones representing 
at least 61 unique genes) with various functions, mostly in gene expression control, 
protein modification and cell wall modification. A number of them were responsible 
for protein degradation (FtsH-like protein and ubiquitin carrier protein) and 
monolignol biosynthesis (cinnamoyl-CoA reductase). 
In general, the expression patterns from real-time PGR analysis of the selected 
genes were consistent to those from cDNA microarray analysis. 
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GmDNJl, which is a DnaJ homologue in soybean, was chosen for individual 
gene study in this project. As supported by the results from previous studies and this 
project, it was proposed that GmDNJl be coding for a putative type I DnaJ proteins 
which is inducible by salt stress and ABA treatment. Ectopic expression of the gene 
enhanced tolerance to salt (NaCl) and dehydration (PEG or removal of water) in both 
rice and Arabidopsis. It is the first report on the protective functions of DnaJ/Hsp40 
homologues against salt and dehydration stress in whole plant systems. It seems that 
the protective mechanism of GmDNJl is different between monocots and dicots 
because the salt / dehydration stress tolerance phenotypes of the two transgenic 
plants were different. Luciferase refolding assay showed that the synthesized 
GmDNJl proteins were able to functionally replace DnaJ in the E. coli 
DnaK-DnaJ-GrpE chaperone system. Further biochemical and molecular assay is 
needed to test the ability of this DnaJ-like protein to bind to DnaK and boost its 
ATPase activity. Although bioinformatics tools and the expression study in this 
project provided indirect evidence of the subcellular location of GmDNJl, further 
analysis is required to demonstrate its subcellular distribution and interacting 
partners (e.g. other heat shock proteins and the substrate(s) of GmDNJl), which is 
useful information for us to deduce the molecular mechanism of DnaJ in salt stress 
tolerance mechanisms in soybean. 
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Appendix I - Enzymes and major chemicals 
Enzymes 
1. DNase I 
EcoRl 
T4DNAligase 
Taq DNA polymerase 
Tag DNA polymerase 
Platinum Taq DNA polymerase 











1. 2-(N-morpholino)ethanesulphonic acid (MES) 
2. 3-(N-morpholino)-propanesulphonic acid (MOPS) 
3. 4-(2-hydroxyethyl)-1 -piperazineethanesulphonic acid 
(HEPES) 
4. 5-bromo-4-chloro-3-indolyl p-D-galactopyranoside 
(X-gal) 
5. p-mercaptoethanol 
6. Abscisic acid (ABA) 
7. Acetic acid, glacial 
8. Acrylamide/ Bis 
9. Adenosine triphosphate (ATP) 
10. Agarose 
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12. Ammonium nitrate BDH 1003035 
13. Ammonium persulphate Bio-Rad 161-0700 
14. Ampicillin Sigma A9518 
15. Anti-digoxigenin-AP conjugate Roche 11787121 
16. Bacto-agar Difco 214010 
17. Bis Sigma M7279 
18. Blocking reagent Boehringer 1096176 
19. Boric acid Ajax 101 
20. Bovine serum albumin (BSA) Sigma A7906 
21. Bromophenol blue Merck 8122 
22. Calcium chloride Merck 2380 
23. Calcium nitrate Ajax 135 
24. Chloroform Merck 3445 
25. Cobalt chloride Peking 
26. Coomassie Brilliant Blue R-250 Bio-Rad 161 0400 
27. Copper sulphate, anhydrate Sigma CI297 
28. CSPD substrate Roche 1755633 
29. Deoxyribonucleotide triphosphate (dNTP) PromegaU1515 
30. Diethyl pyrocarbonate (DEPC) Sigma D5758 
31. Dimethyl sulphoxide (DMSO) Sigma D8418 
32. Dipotassium hydrogen phosphate RDH 04248 
33. Dithiothreitol (DDT) PromegaPllTl 
34. DnaJ Stressgen SPP-640D 
35. DnaK Stressgen SPP-630D 
36. EDTA, disodium salt Sigma E5143 
37. EDTA, ferrous-sodium salt Sigma EDFS 
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38. EGTA, sodium salt Sigma E3889 
39. Ethanol Merck 100986 
40. Ethidium bromide Sigma E7637 
41. Formaldehyde (37%) Sigma F8775 
42. Formamide Boehringer 1814320 
43. Glycerol Ajax 242 
44. Glycine Sigma G7403 
45. Goat Serum Sigma G9023 
46. GrpE Stressgen SPP-650D 
47. Hydrochloric acid (36%) Ajax 1364 
48. Iron sulphate Merck 3965 
49. Isoamylalcohol Merck 100979 
50. Isopropanol Labscan C2519 
51. Isopropyl p-D-1 -thiogalactopyanside (IPTG) Boehringer 1411446 
52. Kanamycin Sigma K4000 
53. Leupeptin hemisulfate salt Sigma L2884 
54. Luria Bertani (LB) broth Difco 0446-17-3 
55. Lysozyme Sigma L7651 
56. Magnesium chloride Sigma M9272 
57. Magnesium sulphate Ajax 302 
58. Maleic acid Sigma M0375 
59. Manganese chloride Ajax D3247 
60. Manganese sulphate Ajax 309 
61. Methanol Merck 6007 
62. Murashige and Shoog (MS) salt mixture Sigma M5524 
63. Myo-inositol Sigma 15125 
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64. Nicotine acid 
65. N-lauroylsarcosine 
66. N,N,N',N'-tetramethylethylenediamine (TEMED) 
67. Phenol 
68. Phenylmethyl-sulphonyl fluoride (PMSF) 
69. Piperazine-1,4-bis-2-diethane sulphonic acid (PIPES) 
70. Polyethylene glycol (PEG) 6000 
71. Potassium chloride 
72. Potassium dihydrogen phosphate 
73. Potassium hydroxide 
74. Potassium iodide 
75. Potassium nitrate 
76. Potassium phosphate, monobasic 
77. Pyridoxine-HCl 
78. SIGMA FAST BCIP/NBT Buffered Substrate Tablet 
79. Sodium acetate, anhydrous 
80. Sodium chloride 
81. Sodium citrate, trisodium salt 
82. Sodium dodecyl sulphate (SDS) 
83. Sodium hydroxide 
84. Sodium molybdate 
85. Sucrose 
86. Thiamine-HCl 
87. Tris (hydroxyethyl) aminoethane (Tris) 
88. Tween-20 



























1 8 7 
Appendix II - Primers 
1. Primers used in microarray experiments 
Primer Sequence (5，to 3，） Function 
HMOL0516 AATTAACCCTCACTAAAGGG T3 primer for sequencing 
HMOL0517 GTAATACGACTCACTATAGGGC T7 primer for sequencing 
HMOL1248 GACTAATACG ACTC ACTATAGGTC 
CATAGTTGCCTGACTCCC 
HMOL1249 TTTTTTTTT TTT 
TTTTTTCCGTGTCGCCCTTATT 
ampR forward primer with T7 
promoter sequence 




HMOL 1251 TTTTTTTTTTTTTTTTTTTTTTTTT 
TTTTCGATACCGTAAAGCACGA 
HMOL1252 CGGAACACGTAGAAAGCCAG 
kan^ forward primer with T7 
promoter sequence 
kanK reverse primer with 
oligo(A)3o 
kanR gene specific forward 
primer 
HMOL1253 CGATACCGTAAAGCACGAGG kan'^  gene specific reverse primer 
HMOL 1254 TCCATAGTTGCCGACTCCC 
HMOL 1255 TTCCGTGTCGCCCTTATTC 
HMOLl 831 GGAACHGGAATGGTYAAGG 
HMOL1832 GTCATYTTYTCWCKRTTRGC 
ampK gene specific forward 
primer 
ampK gene specific reverse 
primer 
Actin degenerate forward primer 
Actin degenerate reverse primer 
a. ampR : ampicillin resistance gene 
kan^ : kanamycin resistance gene 
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Primers used in real-time PCR analysis 
Primer Sequence (5，to 3，） 
Upper = forward primer 
Lower = reverse primer 
























(S0S2-like protein kinase) 
I-8-E8 / GmDNJl 








(CP 12 domain-containing protein) 
G-14-G5 
(G protein-coupled receptor) 
G-16-C3 
(Cinnamoyl-CoA reductase) 
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HMOL5938 GGTGCGGTCCCACAGATTAT I-11-H6 
HMOL5939 CGGATCCCATGCAAGTGAAC (Putative thaumatin-like protein) 
HMOL5944 CAATACCCGGCTGAAGCAAA VI-13-H5 
HMOL5945 GCCACGTGATCGACCTGACT (RNA-binding protein precursor) 
HMOL6264 ACTGGAGCTTTGTTGGTTCC G-13-G2 
HMOL6265 TCACACTTCAATGGCTGACC (Transaldolase-like protein) 
HMOL6270 CCAAACAAAGGCTCCTCAAG VI-2-E6 
HMOL6271 CTCAAACTTCACCACCTCAGC (GTP-binding protein) 
HMOL6274 TCTTTATGGGAACGGCTCAC G-8-F1 
HMOL6275 TTCCACACACAAGTGCCTTC (Dihydroflavonol reductase) 
HMOL6276 11GCTGTGGAAGCACACAAC A-14-H12 
HMOL6277 GTTCGCCATGGATGTAITCC (28 kDa protein) 
HMOL6280 GTTCCAAAACCATTTCACAGG C-22-H9 
HMOL6281 ACTAAAAACTCGTGGCAGACG (Cysteine-type endopeptidase) 
HMOL6284 TATTCGAATCCGTTGTGGTG K-15-E11 
HMOL6285 GTGGAAGGAGCGAAATTGAG (Cysteine proteinase inhibitor) 
HMOL6292 GCCTTTCACCACTGTAAAGCAG K-14-B4 
HMOL6293 GAGGATTGACGCATCTCCAG (Putative universal stress protein) 
HMOL6296 GGCACGTAATTGGTGTAGGG A-1-B4 
HMOL6297 TCCAGCAATCGATGTCGTAG (Nitrate and chloride transporter) 
HMOL6300 ATTCGAGGATCGAGATTTGC A-l-Bl 
HMOL6301 TGAGAACTCCACCAl ICACG (Caffeoyl-CoA 0-methyltransferase) 
HMOL6304 CTGGAAATTCTGGCGTTCC A-24-B9/C-19-F11 
HMOL6305 TCAAAAACGGGAAACTCAGC (Glutathione peroxidase 1) 
1 9 0 
HMOL6310 TGCCA ATG A A ATCAAGC A AC C-11-C5 
HMOL6311 CATCTAATGGGGGTGGAGTC (Phototropin) 
HMOL6312 TGCTCTCAACTCG ACTGCTG I-10-B1 
HMOL6313 GGTGGTTTGGG ATGAG AG A AG (DEAD-box helicases) — —---------------------------—-— 
HMOL6316 GGCC A AG A AGTTTAGC A ACG VI-14-B12 
HMOL6317 CGCCTCCACCTTAAAATCC (Thioredoxin) 
HMOL6322 CTGGGAACGAG AAATCTTGC A-21-H9 
HMOL6323 GGGATTCAGCAACTTCTTGG 
H M O L 6 3 2 4 TGGTCATGGACATGATGTGG 
HMOL6325 TGCAGTGGCAGTTAGACACG 




(Ran binding protein) 
K-5-H6 
(Maturation protein PM3) 
K-13-E3 
(Peptidase S24-like protein) 
K-5-A2 
(Acid phosphatase-like protein) 
191 
Appendix III - Major commercial kits 
1. Arraylt PGR Purification Kit 
2. BigDye Terminator v3.1 Cycle Sequencing Kit 
3. Bio-Rad Protein Assay Kit II 
4. Bright-Glo Luciferase Assay System 
5. MicroSpin GST Purification Module 
6. High Pure PGR Product Purification Kit 
7. MICROMAX TSA labelling and detection kit 
8. RiboMAX Large Scale RNA Production Systems 
9. PCR-Select cDNA Subtraction Kit 
TeleChem PCR96-100 
Applied Biosystems 4337455 
Bio-Rad 500-0002 
Promega E2610 
GE Healthcare 27-4570-03 
Roche 1732668 






10. SMART PGR cDNA Synthesis Kit 
11. SYBR GreenER qPCR Supermix 
12. WestemBreeze Chemiluminescent Western Blot 
Immunodetection Kit 
13. Wizard Plus SV Minipreps DNA Purification Promega A1460 
System 
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ABI PRISM 3100 Genetic Analyzer 
Biological safety cabinet 
Centrifuge 
Centrifuge 
Centrifuge J2-MI with JA-14 motor 
Gel lOOOUV Fluorescent Gel Doc 
Growth chamber 
Applied Biosystems 3100-01 





Percival AR-32L 3859-05-971 
Bio-Rad 0392-92-0336 GS Gene Linker UV chamber 
iQ5 Multicolor real-time PGR detection system Bio-Rad 170-9780 
Microcooler II 
Mini-PROTEAN 3 electrophoresis system 
Orbital shaker 
13. pH meter 
14. Programmable thermal controller 
15. Power supply MIDI MP-250 
16. Refrigerated centrifuge 581 OR 
17. Rotatory hybridization incubator 
18. Trans-Blot SD semi-dry transfer cell 
19. TELCO Incubator 
20. Ultrapure water 
Bockel Scientific 260010 
Bio-Rad 165-3301 
Lab Line 4628-1 
Coming 530 
MJ Research PTC 100 96VHB 
200003879 
Life technologies 4801311 
Eppendorf 03463 
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Appendix V - Formulation of buffer, solution, gel, and medium 
1. Acrylamide/Bis (30:0.15) 
30% acrylamide and 0.15% Bis double distilled H2O 
2. Acrylamide/Bis (30:1.5) 
30% acrylamide and 1.5% Bis in double distilled H2O 
3. Agarose gel (1%) 
1% agarose and l|ig/ ml ethidium bromide in IX TAE buffer 
4. Bromophenol blue loading dye (6X) 
0.25% bromophenol blue and 30% glycerol 
5. Calcium chloride solution 
60 mM CaCb, 15% glycerol, and 10 mM PIPES (pH 7.0)，autoclaved 
6. Cold wash solution 
2X SSCand0.1%SDS 
7. Coomassie destaining solution 
25% methanol, 6.25% glacial acetic acid in double distilled H2O 
8. Coomassie staining solution 
0.1% Coomassie Brilliant Blue R-250, 1% methanol in destaining solution 
9. DEPC-treated H2O 
1% DEPC in ultrapure H2O, kept overnight and autoclaved 
10. Extraction buffer (soluble protein) 
40 mM HEPES (pH 7.4)，250 mM sucrose, 3 mM MgCb, 0.1 mM EDTA，1 mM 
PMSF, 20 lag/ ml leupeptin 
11. Extraction buffer (RNA) 
200 mM Tris base, 400 mM KCl, 200 mM sucrose, 35 mM MgCl2-6H20, 25 mM 
EGTA(pH 9.0) 
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12. Glycine running buffer (IX; SDS-PAGE) 
0.05M Tris base, 0.38M glycine, 0.1% SDS，2 mM EDTA-Na2 
13. Hoagland's solution (IX) 
5 i^M KNO3, 5 i^M Ca(N03)2, 1 \iM KPO4, 2 i^M MgSO*，2 ng/ml EDTA-FeNa, 
and IX micronutrient in distilled H2O 
14. Hoagland's solution micronutrient (lOOOX) 
50 mM H3BO3, 9 mM MnCb, 800 |iM ZnS04, 300 \iM CUSO4, and 90 jiM 
Na2Mo04 in distilled H2O, autoclaved 
15. Loading buffer (RNA) 
250^1 of formamide, 83|il of formaldehyde (37% w/v), 50|il of MOPS (lOX), 
0.5|il bromophenol blue, and 50fil glycerol in DEPC-treated H2O 
16. Luria-Bertani (LB) broth 
25 g/L LB powder, autoclaved 
17. LB agar plate 
25 g/L LB powder and 15 g/L bacto-agar, autoclaved 
18. Luciferase-refolding buffer L 
40mM Tris-HCl (pH 7.4)，50mM KCl, 5 mM DTT, lOmM MgCl2,and 10% 
glycerol in ultrapure H2O, autoclaved 
19. Maleic acid buffer (lOX; pH 7.5) 
IM maleic acid, 1.5M NaCl, pH adjusted to 7.5 using NaOH 
20. MOPS (lOX) 
200 mM MOPS, 50 mM sodium acetate, 10 mM EDTA-Na (pH 7.0), autoclaved 
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21. Murashige and Shoog (MS) liquid medium (IX) 
MS stock solution I to VIII, 0.05% MES, and IX vitamin B5 in distilled H2O, pH 
adjusted to 5.7 using KOH 
MS Volume added 
stock to 1 L of liquid Formulation 
solution medium 
I 20 ml 57.75 g of NH4NO3 in 750 ml of distilled H2O — 
II 10 ml 21.00 gofMgS04*7H20, 1.183 gof 
MnS04'H20, 0.531 g of ZnSCVH】。，1.555 ^g 
of CuS(V5H20 in 750 ml of distilled H2O 
III 10 ml 28.72 g ofCaCl2*2H20,1.049 i^g of 
CoCl2«6H20 in 750 ml of distilled H2O 
IV 10 ml 0.434 g of H3BO3，0.018 g of Na2Mo04.2H20 in 
750 ml of distilled H2O 
V 10 ml 1.946 g of FeS(V7H20，2.611 g of 
EDTA-Na2*2H20 in 750 ml of distilled H2O 
VI 8 ml 166.3 g of KNO3 in 350 ml of distilled H2O 
VII 4 ml 14.88 g of KH2PO4 in 350 ml of distilled H2O 
VIII 4 ml 72.63 ng ofKI in 350 ml of distilled H2O 
22. MS plate 
4.3 g/L MS salt mixture, 3% sucrose, 0.05% MES, pH adjusted to 5.7 using KOH, 
followed by addition of 0.9% bacto-agar 
23. N-lauroylsarcosine (10%) 
10% N-lauroylsarcosine in ultrapure H2O, filtered by 0.2 micron membrane 
24. Phosphate buffer saline (PBS) (IX) 
0.58M Na2HP04,0.17M NaH2P04, and 0.68M NaCl, autoclaved 
25. Polyacrylamide stacking gel 
0.5ml of Acrylamide/Bis (30: 0.15), 0.5ml of 1.25M Tris/HCl (pH 8.8)，50 1^ of 
0.2M EDTA，50|al ofSDS (10%)，50|il of ammonium persulfate (7.5%), and 6[i\ 
of TEMED in 5ml of distilled H2O 
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26. Polyacrylamide separating gel 
4.18ml of Acrylamide/Bis (30: 1.5), 1.25ml of 3.5M Tris/HCl (pH 8.8)，125^ 1 of 
0.2M EDTA, 125|al of SDS (10%), 120 1^ of ammonium persulfate (7.5%), and 
I5\i\ of TEMED in 12.515ml of distilled H2O 
27. PMSF(IOOX) 
1.742% PMSF in isopropanol 
28. SDS (10%) 
10% (w/v) SDS in ultrapure H2O, filtered by 0.2 micron membrane 
29. SSC (20X) 
3M NaCl and 300mM sodium citrate (pH 7.0) " 
30. Sodium acetate (pH 5.2 / pH 5.6) 
3M sodium acetate, pH adjusted to 5.2 / 5.6 using glacial acetic acid 
31.TAE buffer (IX) 
4.84 g/L Tris base, 0.1142% glacial acetic acid, and 0.744 g/L EDTA-Na2 
32. TE buffer (IX) 
lOmM Tris-HCl (pH 7.5) and ImM EDTA-Na2 in ultrapure H2O, filtered by 0.2 
micron membrane 
33. TNB-G buffer 
O.IM Tris-HCl (pH7.5) and 0.15M NaCl in ultrapure H2O, filtered by 0.2 micron 
membrane, followed by addition of 0.5% Blocking reagent and 10% goat serum 
34. TNT buffer 
O.IM Tris-HCl (pH7.5), 0.15M NaCl, and 0.05% Tween-20 in ultrapure H2O, 
filtered by 0.2 micron membrane 
35. Transfer buffer (Western blot analysis) 
20 mM Tris base, 20 mM glycine, and 20% methanol 
36. Vitamin B5 (lOOOX) 
1 g of myo-inositol, 100 mg of thiamine-HCl, 10 mg of nicotine acid, and 10 mg 
of pyridoxine-HCl in 10 ml of H2O 
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Appendix VI 一 Plots in microarray experiments 
1. M-A plots and boxplots 
Column Description x-value y-value 
A M-A plots of background subtracted, 
unnorinalized data 
Average log 
intensity (A) ^ 
Log ratio 
(M)b 
B M-A plots of background subtracted, 
normalized data 
C Boxplots of background subtracted, 
unnormalized data 
Print tip group Log ratio 
D Boxplots of background subtracted, 
normalized data 
a. Average log intensity: [log2(Red) + log2(Green)]/2 
b. Log ratio: log2[(Red)/(Green)] 
Label Cy5 channel (sample) Cy3 channel (reference) 
CI CI Pooled sample 
C2 C2 Pooled sample 
C3 C3 Pooled sample 
C4 C4 Pooled sample 
C5 C5 Pooled sample 
C6 C6 Pooled sample 
C7 C7 Pooled sample 
C8 C8 Pooled sample 
C9 C9 Pooled sample 
CIO CIO Pooled sample 
W1 W1 Pooled sample 
W2 W2 Pooled sample 
W3 W3 Pooled sample 
W4 W4 Pooled sample 
W5 W5 Pooled sample 
W6 W6 Pooled sample 
W7 W7 Pooled sample 
W8 W8 Pooled sample 
W9 W9 Pooled sample 
WIO WIO Pooled sample 






















































































































































































































































































































































































































































































































































































































































































































































































































































































Scatterplots of normalized data in experiments CI to CIO 
X-value: log2(Green) 
y-value: log2(Red) 
2 0 6 
Scatterplots 
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Scatterplots of normalized data in experiments W1 to WIO 
x-value: log2(Green) 
y-value: log2(Red) 
2 0 7 
WIO 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix IX - Supplementary data in real-time PCR analysis 
PCR efficiency 
Unique ID Gene description (blastx) Slope PCR 
efficiency 
C-14-H4 RD22-like protein -4.4130 1.69 
C-19-F11 Glutathione peroxidase 1 -3.1440 2.08 
G-5-H12 Plastoquinone dehydrogenase -3.4642 1.94 
G-14-G5 G protein-coupled receptor -3.5505 1.91 
G-16-C3 Cinnamoyl-CoA reductase -3.4806 1.94 
I-8-E8 Seed maturation protein PM37 -3.7671 1.84 
I-11-H6 Putative thaumatin-like protein -3.8635 1.81 
K-5-A2 Acid phosphatase-like protein -3.2470 2.03 
VI-13-H5 RNA-binding protein precursor -3.4236 1.96 
A-1-B4 Nitrate and chloride transporter -3.3328 2.00 
A-14-B5 CP 12 domain-containing protein -4.1586 1.74 
A-14-H12 28kDa protein -3.4408 1.95 
A-20-B9 Glutathione peroxidase 1 (= C-19-F11) - -
A-21-H9 Ran binding protein -2.1959 2.85 
C-11-C5 Phototropin -3.1655 2.07 
C-11-C7 S0S2-like protein kinase -4.7283 1.63 
C-16-B5 RD22-like protein (= C-14-H4) - -
C-22-H9 Calpain / cysteine-type endopeptidase -3.6699 1.87 
G-8-F1 Dihydroflavonol reductase -3.3622 1.98 
G-13-G2 Transaldolase-like protein -3.0635 2.12 
I-lO-Bl DEAD-box helicases -3.1991 2.05 
K-5-A2 Acid phosphatase-like protein (= K-5-A2) - -
K-5-H6 Maturation protein PM3 -7.3839 1.37 
K-13-H3 Peptidase S24-like -3.7117 1.86 
K-14-B4 Putative universal stress protein -3.2688 2.02 
K-15-E11 Cysteine proteinase inhibitor -3.3069 2.01 
VI-2-E6 GTP-binding protein -3.7024 1.86 
VM4-B12 Thioredoxin -3.5145 1.93 
- GmDNJl (= I-8-E8) - -
- GmPAPS -3.5726 1.91 
- GmSOSl -3.8611 1.82 
- Gmefla (GenBank accession: AY651886) -3.9391 1.79 
2 2 1 
.Amplification plots, dissociation plots, and plots for PCR efficiency 
Column Description 
A Amplification plots showing the SYBR Green fluorescence signal (in 
relative fluorescence unit) along the cycles of amplification. 
B Dissociation plots, each with a single peak (representing one kind of 
PCR products), indicating the specificity of amplification 
C Plots of the threshold cycle against the starting RNA content showing 
the slope (for calculation of PCR efficiency) and the correlation 
coefficient (R )^. 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix X - Supplementary data in functional analyses 
1. Function analysis of Arabidopsis (a biological repeat of session 3.3.3) 
(a) Fresh weight under salt stress 
2 3 
No treatment 
5 6 7 8 
500mM NaCI 
(b) Fresh weight under dehydration stress 
0.12 
• Col-0 
9 10 11 12 
No treatment 
13 14 15 
15% PEG 
Fig. SI Fresh weight of the wild-type Col-0, ASNl transgenic line 4-e-21, GmDNJl 
transgenic lines A-3-4 and M-3-1 under (a) salt treatment and (b) dehydration 
treatment. Plants were grown and treated as described in Fig. 3.14 and 3.15. Each bar 
represents the average fresh weight of 20 individuals. Error bars show the standard 
errors. One-way analysis of variance (ANOVA) followed by LSD test was used to 
analyze the data. Triple asterisks (***) indicate significant difference when compared 
A-3-4 (lanes 3, 7, 11, and 15) and M-3-1 (lanes 4，8，12, and 16) to Col-0 (lanes 1，5, 
9，and 13) and 4-e-21 (lanes 2, 6，10, and 14) with a P value less than 0.001. 
2 3 3 
2. Functional analysis of rice (a biological repeat of session 3.3.4) 




o > 40 
o o 0 a： 20 
0 
167 238 
GmDNJI transgenic lines 
(b) Recovery rate under drought stress 
S 
20 
164 167 238 
GmDNJI transgenic lines 
Fig. S2 Recovery rates of the wild-type rice (WT) and five GmDNJI transgenic lines 
(156，164，167, 170 and 238) under (a) salt treatment (200mM NaCl) and (b) drought 
treatment (removal of liquid medium). Twenty individuals of each line were grown 
and treated as described in Fig. 3.18. Individual with more than 50% in area of the 
leaves fully expanded is defined as "recovered". 
2 3 4 
(a) Fresh weight under salt stress 
0.20 
• No treatment 
• 200mM NaCI 
0.00 
164 167 
GmDNJI transgenic lines 
(b) Fresh weight under drought stress 
0.20 
• No treatment 
• Drought stress 
0.00 
164 167 
GmDNJI transgenic lines 
Fig. S3 Fresh weights of the wild-type rice (WT), AS2 transgenic line (AS2) and five 
GmDNJI transgenic lines (156，164, 167, 170 and 238) under (a) salt treatment 
(200mM NaCl) and (b) drought treatment (removal of liquid medium). The plants 
were grown and treated as described in Fig. 3.18 and their fresh weight was recorded. 
Each bar represents the average fresh weight of 20 individuals. Error bars show the 
standard errors (N=20). One-way analysis of variance (ANOVA) followed by LSD 
test was used to analyze the data. Triple asterisks (***) indicate significant difference 
when compared fresh weights of treated and untreated plants in each line with a p 
value less than 0.001. 
2 3 5 
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